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EDITOR'S   PREFAOK 


Tnouon  there  are  already  a  nnmber  of  popular  exposi- 
tiona  of  the  subject  of  electric  lighting,  the  work  of  Messrs. 
Alglave  and  Bniiliirtl  luus  \ytnm  thought  to  have  sufficiently 
distinctive  merits  to  warrant  its  inti*oduction  to  the  English- 
reading  public. 

WhilR  not  pretending  to  Iw  an  exhuuslive  prefwiitation  of 
the  subject,  the  exposition  will  be  found  to  be  sufficiently  full 
to  enable  the  reader  to  undei-stand  the  esaential  features  of 
present  electric-Hghtinj;;;  apparatus,  and  to  appreoiatfl  the 
chai-aeter  of  the  problems  which  hud  to  be  solved  before 
this  method  of  illumination  conid  enter  upon  an  industrial 
career. 

In  adding  to  the  work  of  the  authors  I  have  made  no  at- 
tempt to  introduce  either  all  of  the  lamps  and  machines 
which  have  been  devised,  or  even  all  of  those  which  have 

ssod  into  actual  use.  The  additions  of  this  kind  which 
have  been  Tuade  are  either  later  forms  of  the  apparatus  de- 
scribed by  the  authors,  or  those  which  luive  distinctive  feat- 
ures of  interest  of  their  own.  The  chief  additions  which 
I  have  thought  it  desirable  to  make  relate  to  the  general 
asi>ccta  of  the  subject,  rather  than  to  special  forms  of  ap- 
paratus. Changes  have  been  fonnd  necessary  throughout 
the  text,  either  iu  correction  of  erroneous  statements,  or  in 
amplification  of  insufficient  ones,  but  these  are  in  all  cases 
inclosed  in  brackets,  as  are  the  additional  chapters  and  seo- 
tiona,  and  the  notes. 


iv  EDITOR'S  PREFACE. 

I  have  to  express  my  indebtedness  to  Mr.  Edison,  the 
United  States  Electric  Lighting,  Fuller  Electrical,  and  Brush 
Electric  Companies,  for  information  concerning  their  various 
systems,  and  cuts  illustrating  their  apparatus. 

C.  M.  L. 

Nbw  Yobk,  Aprils  I884. 


PR  EFAOE. 


Tes  years  apo,  it  was  j^nerally  admitted  that  the  role  ot 
electricity  was  practically  confined  to  telegraphy  and  electro- 
platiag.  Oixtsido  of  those  two  uses  it  seemed  destined  to  re- 
main a  coatly  curiosity,  available  at  the  luwt  in  tUone  rases 
in  which  ordinary  economy  could  be  left  out  of  account,  in 
the  presence  of  necessities  not  governed  by  expense,  as  in 
theatres  and  light-houses.  But,  since  the  invention  of  the 
Gramme  machine,  the  rapidity  of  its  daily  progress  has  as- 
tonished the  most  sanguine.  The  International  Exhibition  at 
Paiifl  was  a  genuine  revelation  to  the  public,  and  perhaps 
even  to  many  savants.  In  spite  of  its  scientific  character,  its 
success  exree<led  all  ex  lactations,  and  Its  popularity  proved 
that  the  public  began  to  understand  the  im])<irlant  ritft:  that 
electricity  already  tills  in  the  life  of  society,  and  to  divine  the 
still  greater  importance  reserved  for  it  in  the  near  future. 

This  exhibition,  which  may  justly  be  termed  educating, 
was  principally  instituted  and  advocated  by  the  founders  of 
a  journal  of  electricity,  bearing  the  same  name  as  this  book, 
"  La  Lumidre  filectrique." 

The  original  committee  comjiriwd  among  others  Dr.  (Cor- 
nelius Ilerz ;  M.  Arlrien  HebiinJ,  senator,  and  editor  of  the 
"Temps";  M.  Jules  Bapst,  editor  of  the  "D^bats";  M.  Jaques 
de  Reinach  ;  and  M.  Oe/irges  Bei^r,  who  wa-s  ComniLsaioner- 
Gonend  of  the  Kxhibition.  The  project,  warmly  supported 
from  the  beginning  by  the  Minister  of  Public  Works,  M. 
Varroy,  finally  reached  its  consummation  under  ilio  patron- 
age of  the  Minister  of  Mails  and  Telegraphs,  M.  Cochcry, 
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and  supportc<l  by  the  flncressor  of  M.  Varroy  in  the  Itlimstry 
of  Public  "Works,  M.  Sadi  Caraot. 

The  success  of  a  large  fortnightly  journal,  devoted  excUi- 
Rively  to  eleclrif'ity,  is  another  pmof  of  the  p^uvin^  inii«jr- 
tanoe  of  this  branch  of  physical  science,  which  pi'oniises  to  be 
more  fertile  than  all  the  others  in  industrial  applications. 
Further,  we  must  state  that  there  exist  in  Paris  alone  one  or 
two  other  periodicals  also  devoted  to  electricity  and  lis  appli- 
cations. 

This  book  is  devoted  entirely  to  that  one  of  the  applications 
of  electricity,  which,  without  doHbt>  isabont  to  experience  the 
most  rapid  jiractical  development:  we  refer  to  artificial  light- 
ing. Uul,  for  the  economist  aa  well  as  for  the  t;ugineer,  the 
use  of  the  electric  light  belongs  to  the  general  apjJications  of 
electricity,  on  account  of  the  question  of  the  distribution  of 
this  physical  agent,  which  now  ran  be  utilized  by  the  general 
■public.  We  shall  never  have  chea])  electricity  until  the  day 
comes  when  it  shall  be  distributed  to  ea<-h  individual  house  by 
such  a  system  as  that  used  for  gjis,  and  then  it  will  distribute 
jiower  as  well  as  light.  This  man-clous  result  is  not  only 
possible  but  easy  of  accomjilishment  to-day.  The  Important 
labors  of  M.  Maix'^el  Deprez,  detailed  in  the  lifth  book  of  tliis 
work,  furnish  a  complete  solution,  founded  upon  discoveries 
which  have  greatly  modified  the  theories  generally  accepted 
up  to  the  present  time.  T]ni  firet  ^xpcnnn'ntJ^  have  brilliant- 
ly confirmed  the  previsions  of  the  inventor,  who  is  now  iJi** 
paring  to  reproduce  them  on  a  large  .scale. 

The  system  of  electrical  distribution  of  M.  Marcel  Deprez 
has  more  than  an  industrial  interest  ;  its  importance  is  also 
great  from  a  social  point  of  view,  for  it  may  jwrhaps  modify 
tlie  economic  development  of  the  modem  world.  The  ron- 
centmtion  of  industrial  prooessea  in  immense  factories  where 
the  workman  loses  his  individuality  and  hia  originality,  has 
hitherto  seemed  an  inevitable  consequence  of  the  domination 
of  mechanical  motors,  because  small  heat-engines  are  too 
costly  to  render  pos.sible  the  distribution  of  work  in  the 
family  workshops.    Electricity,  on  the  other  hand,  does  not 
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suffer  the  same  lossns  in  being  divided  so  as  to  be  pnt  at  the 
disjwsition  of  the  Imniblest.  It  can  penetmte  the  poorest  of 
garrets  by  a  wire  simihir  to  a  beU-wire,  and  then  can  drive 
the  smallest  sewing- mac  bine,  at  almost  the  same  cost,  in  pro- 
portion to  the  power  employed,  as  if  it  were  actuating  the 
largest  chiss  of  niarhinerj'.  The  turning  of  a  switch  suiBces  to 
give  immediately,  and  to  tlie  full  extent,  the  (luantity  of  p<iwer 
desired,  and  to  make  it  vary  at  will,  without  any  loss  when 
the  woric  is  inteiTupt4Hl  or  diminished. 

Doubtless  electricity,  thus  under  perfect  control,  will  nt)t 
be  able  to  re-establish  a  complete  equality  between  the  large 
and  small  pi-odncer.  But  the  contest  will  tweome  possible  in 
many  cases,  and  (he  development  of  the  smaller  industries 
will  furnish  Ihe  workman,  desirous  of  raising  himself  to  the 
rank  of  master,  an  ideal  less  inaccessible  for  him  than  is  the 
proprietorship  of  Creusot. 

In  such  a  question  as  this,  the  initiative  should  bo  taken 
by  the  Muniripal  Council  of  Paris,  becaust^  it  alone  can 
authorize  and  encourage  effectively  the  general  distribution 
of  electricity  in  the  city  where  such  distribution  can  render 
the  greatest  services.  To  take  this  ijiitiative  it  ha-s  only  to 
^lei-severe  in  the  way  it  has  folktwed  for  Ihn  last  three  years. 
The  Universal  Exhibition  of  1878  showed  ns  Ihe  advent  of 
the  electric  light  upon  the  principal  streefa  of  the  capital. 
The  Exhibition  of  1881  should  leave  ns  as  a  souvenir  a  gen- 
eral distribution  of  p(»wer  and  light  by  electricity.  We  may 
hope  that  the  Municipal  Council  of  Paris  will  not  he-'ntat© 
in  a  question  where  the  democratic  spirit  so  happily  allies 
itself  with  the  sclentilic. 
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BOOK    I. 
HISTORY   OF  ARTIFICIAL   LIGHTING. 


CHAPTER  I. 

oris,    CAUDLES,   AS'D    GAS. 

To  acquire  a  real  comprehension  of  the  true  rtUc  of  the 
electric  light  and  the  changes  which  it  can  introduce  both  in 
otir  habits  and  in  the  industrial  worid.  it  is  necessary  t<»  give 
succinctly  the  history  of  lighting  in  general,  aud  of  ele<-tric 
lighting  in  iwirticular. 

Fats  and  oleaginous  materials  were  employeil  as  a  means 
of  lighting  by  the  most  ancient  jieoples.  But,  even  among 
the  moat  civUized  nations  of  antiquity,  such  a-s  the  Oreeka 
and  Romans,  this  mode  of  ligluing  had  preserved  nearly  \\» 
barbarous  a  form  aa  among  the  savage  tribes.  The  lamp  of 
a  Roman  emperor  was  not  much  pleasanter  or  less  smoky 
than  the  tor**h  of  ri'siiious  wo(m1  with  whi(!h  I  he  first  known 
men  lighted  their  abodes— those  men  whom  history  ignores, 
and  whom  geology  has  resuscitated  during  the  last  iweniy- 
five  years. 

Thin  lamp  consisted  simply  of  a  vessel  filled  with  oil,  into 
which  dipped  a  thick,  twisted  wick,  formed  of  any  fibj-oua 
material,  wool,  linen,  cotton,  etc.  The  end  of  this  wit-k  waa 
raised  so  as  to  rest  on  the  edge  of  the  vessel,  and  it  was  there 
that  the  oil  burned,  creeping  up  through  the  wick  by  capil- 
larity (Fig.  2). 

Specimens  of  these  apparatus  can  still  bo  seen  elsewhere 
than  in  mn.seums.  The  peasants  of  other  c<tuntries  have  pre- 
Borvpd  the  classic  lamp  up  to  our  days,  pci-ferting  a  little  the 
burner,  or  neck,  to  prevent  the  wick  from  falling  back  into 
the  oil.  As  a  regulator  to  advance  this  wick  as  fast  us  it  was 
burned,  the  Homnu  niatniu,  as  well  iis  the  pciisant's  wife  of 
to-day,  had  doubtless  uo  belter  arraugement  than  a  common 
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liair-pin ;  for  the  pincers  and  hotik  specially  made  for  tlds 
purpose  resemhied  one  in  shape,  and,  were  but  little  more 
convenient  (Kigs.  1  and  3). 

This  thick  wick,  nr,  we  should  rather  say,  this  string  of 
tow,  does  not  iicmiit  the  iijr  lo  jienetnite  sullicieutly  to  Imra 
completely  the  carUm  of  the  oil.  The  unburiied  cartKja 
esca]>i>s  in  a  nauworis  smoke,  which  piiKliices  a  choking 
sensation.  Kiit  the  smoke  of  ancient  times  nuiHt  liave  been 
much  worse  than  that  of  to-day,  Iwcaiise  the  oil  wjls  very 
impure,  iind  was  often  replaceil  by  fats  full  of  all  kinds  of 
impurities.  We  give  here  illustrations  of  the  lamp  which 
tigures  in  the  most  poetical  alttries  of  Greece.  We  may  see 
in  it  the  elegant  lamp  which  the  imprudent  Psyche  over- 


Vxc.  1.— PlaeeK 
for  I«Dp. 


Vm.  a.— Bronu  Banuui  lunp. 


Fio.  8.— Hook 
fbrUinp- 


tuiTied  upon  Cupid  on  that  fatal  night  when  she  yielded  to 
the  iU-fared  desire  of  unveiling  the  incognito  of  her  mysfe- 
rions  lover.  We  can  under.siCand  the  anger  of  the  divine 
child,  which,  in  the  case  of  the  little  electric  burner,  would 
be  inexplicable.  In  tliis  last  case,  even  If  he  were  to  be 
buraed,  he  would  need  no  ijerfumes  to  disinfect  Mmself. 

In  the  sumptuous  palaces  of  imperial  Rome,  as  well  as  in, 
the  hovel  of  the  slave  situated  in  the  remotest  fields,  the  sys- 
tem of  lijrhting  was  everywhere  the  same.  It  was  easy  to 
substitute  for  cttarse  earthenware  precious  metals  for  making 
the  lamp,  to  give  it  an  elegant  form,  and  support  it  on  can- 
delabra, richly  sculptured  (Figs.  4  and  ."i)  and  designed  with 
skill;  but  it  is  always  the  same  lamp  which  we  have  to  de- 
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srrilKx— its  liixiirluus  uppeanmoe  could  not  modify  its  oi^^iil- 
zutidQ  in  auy  psHential. 

Mtiny  HJivunls  tci-day  consiiler  fire,  ns  well  as  lanj^ia^e,  to 
betlij'Krfiil  t'hiimcterislieiif  Immaiiity.  It  issln^^ular  lluil  this 
priuiordial  invention,  which  has  made  man  the  superior  of  all 
that  is  highest  in  natuiv,  ami  has  taken  him  out  of  the  rank 
of  animal,  has  been  (uio  of  the  last  to  be  perfectetl.  Yet  tliis 
is  precisely  what  has  happened.  The  Koinan.  lamp,  scarcely 
sui>erior  to  the  utensils  ut  the  primitive  Bava^es,  remained 
without  a  livui  during  the  greater  part  of  the  middle  ages. 


"^^ft:^ 


Flos,  i  «ud  S.— BoUBiii  MuJcUbn  In  earv«d  Wanzu,  t'cuitii;  ono  or  mnn  laniiw. 

Only  at  the  end  (»f  the  twelfth  nrntiiry  did  the  preat  nov- 

,elty  dawn  upon  Enghind — ii  light-pving  solid  nmterial  to  re- 

>hu:e  oil.    This  novelty  had  for  name  the  "tallow-candle"'! 

'^It  was  made  of  sheep's  fat,  and  vf  the  well-known  form  whieh 

it  has  preseiTed  to  the  present  day.     It  may  have  seemed  a 

dangerous  invention,  because  it  tofik  a  long  time  for  it.f  use 

to  extend  itself.     It  was  iu  the  rei^in  of  Charles  V,  at  the  end 

of  the  fourteenth  century,  that  the  Fnmch  begun  to  use  it. 

I  refer  to  the  rich  men  of  France ;  it  was  as  yet  too  gnint  a 

luxury  for  the  commomilty  Lo  indulge  in. 
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To  our  fatters  it  seeiueil  a  great  step  in  advance — and  for 
tlieir  epoch  tbey  were  right — and  they  were  contented  with 
it  for  iL  lon^  time.  L^  rol  soleil  had  no  otlier  Juminanes  to 
light  up  at  niglit  the  glories  of  Versailles,  and  the  plays  of 
MoIifSre,  of  Racine,  and  eveu  those  of  Voltaire,  were  produced 
by  Ihe  light  of  caudles  of  six  to  the  pound. 

For  u  long  time,  also,  th<«ie  traveling  tlii-ough  the  streets 
of  the  cities  were  most  happy  to  be  guided  on  their  way  by 
the  light  of  candles  placed  in  the  curnei-s  of  the  windows. 
Lanterns  for  public  lighting  dat«  from  the  middle  of  the 
seventeenth  century  only  ;  and  it  is  not  until  a  hundred  years 
later  that  we  find  them  surmounted  by  a  retlector,  depriving 
the  sky  of  rheir  slender  rays  in  onlor  iM  cast  them  back  upon 
the  earth.  Ir  was  then  th.'it  thoy  assumed  thw  well-known 
name  of  reflectors  {rhcerbsres),  Simic  among  us,  who  have 
passed  the  critical  time  of  yonth,  can  remimibtT  them  dang- 
ling from  the  altitude  of  a  gallowH-frarae,  whence  they  do- 
soendod  at  the  end  of  a  cord,  like  a  bucket  into  a  well,  when 
it  wns  necessjiry  to  light  or  to  extinguish  them. 

To-day  the  fallow-dip  has  devehkped  into  thi;  candle. 
Tlmiiks  to  Ilio  discovery  of  the  com]>o»ilion  of  fatty  bodies, 
made  by  Chevreiil  in  1811,  it  became  possible  to  extract  from 
tallnw  the  best  of  its  luminlfepons  components,  stearic  arid. 
M.  UhevrenI  himself  trifni  it  in  (^injunction  witli  (»ny-Liissac, 
and  the  two  took  out  in  Paris  a  patent  for  the  proct-ss,  whicli, 
however,  was  nev^T  used,  any  more  than  the  English  patent 
taken  out  in  Lfmdon  by  (lay-Liissac  under  the  name  of  Mosds- 
P(K)le.  We  must  not  forget,  however,  that  their  method 
could  not  work  in  practice. 

Another  cherai-sl,  Cambacert^s,  took  on t  four  patent.s  for  the 
siime  object  during  the  yeara  }82t'j  and  1820.  He  was  somewhat 
more  fortunate  than  his  illustrious  competitors,  and  was  the 
iirst  to  manufacture  stearin e<*andles,  undoubtedly  very  imper- 
fect and  very  impure,  as  their  yelhiw  coloration  plainly  showed. 
These  candles  soiled  the  hands  like  the  tallow-dips,  smelled 
almost  as  bad,  and  biiraed  in  an  inferior  manner  in  spite  of 
the  perfecting  of  the  wick.  For  these  reasons  their  sale  was 
very  limiteil,  and  Cambae^r^s  9*K>n  gave  up  the  manufacture. 

It  was  two  young  physicians,  MM.  de  Milly  and  Matard, 
who  Ewok  up  the  i>roblem  in  1820,  and  reached  at  last  a  satis- 
factory solution  after  two  years  of  patient  research.  Thus  it 
is  in  the  year  1831  that  the  history  of  the  manufacture  of 
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stearin e-randles  liegjna,  aud,  oa  the  first  factory  wus  situated 
near  the  Are  tie  Triomphe  de  TEtoUe,  they  were  named  bou- 
gies de  TetoiU  (star-candles),  soon  known  throughout  the 
world,  which  name  they  kept  when  the  factoiy  was  moved 
away  from  that  place. 

Moif  solid  and  Iwtter  in  appearance,  as  well  as  less  greasy 
to  the  touch,  and  provided  with  a  wirU  which  needed  no 
snuffing,  )>ecause  it  humed  itself  up,  burning  without  smoke 
or  disagreeable  odor,  the  stearine-c-andle  preserved  the  form 
of  the  old  talluw-dip,  and.  from  (he  physical  point  of  view, 
worked  in  the  same  manner.  But  it  also  gave  more  light. 
It  is  it  whioli  will  hereafter  be  employed  as  a  slandai-d  in 
comi>aring  sources  of  light,  a  candle  being  taken  as  such 
standard  which  boms  ten  grammes  of  stearine  per  hour — 
unfortunately,  a  unit  which  varies  greatly  according  to  the 
greater  or  less  purity  of  the  stearine  employed  in  commei-ce. 

The  "star-candles"  then  sold  for  three  francs  fifty  cen- 
times a  kilogramme,  .so  that  the  standanl  nindle,  burning  ten 
grammes  per  hour,  rost.s  tlire**  and  a  half  centimes  for  <me 
hoar's  burning.  On  account  of  a  h)wer  price,  it  now  costs 
little  over  two  centimes.  On  the  other  hand,  it  is  ninch 
dearer  than  the  tallow-candle,  which  formerh'  did  not  bring 
half  the  price  of  the  stearine-nandle,  and  which  to-day  is 
worth  far  less,  in  the  jiropiirtion  of  ime  franc  twenty-five 
centimes  to  two  fnincs  ten  centimes  a  kilognimme.  It  is  true 
that  a  kilogramme  of  tallow  gives  only  four  fifths  as  much 
light  a.s  the  same  quantity  oi  stearine,  Kut,  hiking  this  dif- 
ference into  account,  the  (expenses  will  be  found  not  to  exreed 
one  centime  and  a  half  ptr  hour  and  j)tir  unit  of  light ;  that  is 
to  say,  liaitlly  tfiree  quarters  of  the  cost  of  the  stearine-candle 
for  the  same  n'sult. 

Hence  the  new  candle  has  only  iH'en  an  advance  from  the 
point  of  view  of  comfort  and  luxury,  but  not  from  the  stand- 
point of  ecommiy.  The  same  d<»e.s  not  aitply  to  another  in- 
vention, which  has  imnsfniTiied  the  conditions  nnder  which 
oil  is  employed— we  speuk  of  the  miKlem  lamp. 

The  end  of  the  eighteenth  (^enlury  was  marked  by  a  dis- 
covery which  produf-ed  upon  the  public  as  great  an  effect  as 
that  of  the  electric  light  to-day.  This  discovery,  whose  name 
now  sonnda  even  vulgar  t-it  us  on  account  of  its  very  popu- 
larity, is  the  Argand  lamp.  We  shall  now  show  how  it  has 
tnuiBfoimed  the  ancient  Roman  lamp. 
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If  the  lamp  with  thick  vrlrU.  gives  so  much  smoke  and  so 
little  light,  it  is  Iwrnnse  enough  air  c!4)es  not  get  access  to  it 
to  supply  the  oxygen  necessary  for  the  complete  combustipn 
of  the  carbon.  The  light  being  produced  by  the  combastion, 
it  is  much  less  vivid,  just  like  the  coministion  itself.  On  tli«* 
other  hand,  the  flame,  full  of  particles  of  carbtm  which  have 
not  found  molecnies  of  oxygen  to  unite  with  in  legitimate 
marriage,  1ms  not  en<»UKh  heat  to  bring  all  to  the  temperature 
where  they  become  luminous.  It  remains,  then,  charged  witli 
black  particles— that  is  to  say,  with  smoke — which  obscures  it 
and  fills  It  with  all  the  odora  that  can  lie  produced  fi-om  tJie 
oil,  odors  which  a  more  complete  combustion  would  have  de- 
stroyed. 

To  suppress  all  these  troubles  a  greater  influx  of  oxygen 
upon  the  tlame  must  be  contrived.  To  do  thlj».  Argiuid  had 
the  idea  of  giving  to  the  wick  the  form  of  a  cylindrical  titbe, 

and  allowing  the  air  t*i  penetrate  to  its 
center.  The  flame  no  longer  formetl  a 
solid  cylindrtHd  like  that  of  a  candle, 
but  a  cimihir  plane,  quite  thin,  and 
well  .*«ui)i)lied  on  bolh  sides  with  air,  so 
that  it  no  longer  was  in  want  of  oxy- 
gen. The  reservoir  of  t)il  was  placed 
at  a  certain  diftunce  from  the  burner, 
and  in  a  somRwhut  more  elevated  posi- 
tion, so  that  the  fluid  wouhl  rise  to  the 
level  of  thf)  wick,  in  m:c;or<lttiice  with 
the  laws  of  equilibrium  in  communi- 
cating vessels.  The  ai>paratus  divided 
thus  into  two  parts,  and  united  by  a 
comniunicatiug  tube,  was  fastened  to 
a  wall  (Fig.  0),  or  it  rested  on  a  rod  or  flat-footed  standard 
of  some  degree  of  staltility. 

To  this  new  disposition  of  parts  Quinquet  added  a  chimney 
of  glass,  which  increased  the  di-jiught — that  is  to  any,  increased 
the  quantity  of  air  snpi>orling  the  flame — and  he  produced  the 
complete  invention  under  his  own  name  in  178fi.  This  date 
is  of  as  much  importance  in  artificial  lighting  as  is  J  781)  in 
politics.  It  was  the  epoch,  in  eO'eet,  of  a  cumplete  industiial 
revolution.  Bet^^oen  the  ancient  lamps  and  the  lamp  of 
Quinquet  there  is  as  much  difl'crence  as  between  the  chimne 
of  our  parlors  uud  the  fireplace  of  our  original  Aryan  anoeft-^ 


upon  *  wall. 
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tore,  fonnwl  by  a  hole  dug  in  the  ground  in  the  center  of  their 
ctibiiis. 

Lflter,  Carcel  exrited  n  universal  enthusiasm  In  adapting 
to  Quiuquet's  lumps  a  rhirk-niovement — rephifed  at  n  more 
recent  period  by  a  spring — and  moving  by  it  a  piston  which 
pt-esKwl  uiHJU  the  oil  and  forced  it  to 
rise  in  the  wick  in  givater  quantity. 
This  made  it  possible  to  place  the 
oil-peseivoir  lieluw  the  wick,  and  the 
flume  could  be  given  a  brightnc>.> 
which  sm-jtaased  all  expecta  tion  s 
{Fig.  7).  Louis  Xn^  would  hav*. 
'been  (htzzled  by  it. 

Careel's  invention,  giving  to  tin 
light  of  the  lamp  more  regtilariry 
timu  the  candle  possessed,  furnishes 
us  with  a  new  unit  fur  conipuriug 
sources  of  liglit,  and  for  measuring 
their  iUuminuiing  jwwer.  The  con- 
ditions ander  which  the  type  of  lamp 
adopte<l,  called  the  Carcel,  should 
bum.  have  been  deiei-rained.  and 
have  been  expressed  in  the  practi- 
cal directions  dra^vn  up  in  Initio  l>y 
JDX.  Dumas  and  Kegnault  for  the 
daily  tests  of  the  illumlmiting  power 
of  the  Palis  gits.  The  wick  should 
be  three  centimetres  in  diameter, 
and  the  lamps  should  bum  forty- 
two  grammes  of  purititMl  colza-oil, 
with  a  flame  four  centimetres  in 
height.  CnmjiariMl  wirh  the  dilferent  standaitl  <-andIes  adopted 
elsewhere,  the  Carcel  lamp  equals  seven  and  a  half  stearine- 
candles.  those  which  are  called  ''star-candles,"  and  which  are 
still  used  in  France  for  minor  illumination.  For  the  sper- 
maceti-candle emi)loye<l  in  England,  or  ""  standard  candUn* 
a  Carcel  lamp  is  equal  to  seven  and  four-tenths  can(Tles.  For 
the  jKipaffine-candle  used  in  Germany,  a  Carcel  burner  equals 
nine  and  six  tentlis  camlles. 

The  Laght-house  Board  of  France  had  adopted  a  somewhat 
lower  type,  burning  only  forty  grammes  of  purified  col7Ji-oil 
per  hour.     But  the  Congress  of  Electricians,  without  arriving 


i'ta.  7.— Lnmii  CI  lin  i  aro*!  typ*, 
vrilli  mu'ilvni i-.ir  iii'.-'hnuuiu,  imd 
bottom  oU-rceen'olr. 
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at  an  abaolute  decision  as  regards  photometric  standai-ds,  has 
exiiressed  the  desii-e  that  all  experiments  should  be  conduct*ed 
upon  the  uniform  typt'of  forly-two  grammes ;  in  other  words, 
with  the  Paris  standard. 

Taking  the  price  ol'  oil  at  one  franc  and  fifty  centimes  a 
kilogramme,  the  expense  of  a  Carrel  lamp  is  six  and  three 
tentlis  centimes  per  hour,  while  eight  candles  for  tlie  same' 
space  of  time  would  cost  seventeen  centimes.  Lighting,  there- 
fore, is  three  times  cheaper  with  the  Cnrcel  lamp  than  witli 
candles.  At  the  same  time  the  light  is  whiter,  mori'  regular. 
and  also  more  concentrated,  so  that  a  greater  luminous  in- 
tensity can  be  obtained.  Thus  the  Iamx>  appwara  from  all 
points  of  view  an  advance  npon  the  candle  and  fcallow-dip. 

The  modem  lamp,  which  we  use  to  the  present  day,  was  a 
completed  invention,  lint,  just  as  it  took  its  linal  form,  it 
found  ready  for  it  a  rival  which  bus  mpidly  replaccul  it  tor  all 
extendfid  uses. 

B<?f(ini  tbc!  year  1801  the  French  4'nginei'r  Leiion  had  dis- 
covcnnl  and  thfraonstrated  the  powerful  ligluing  qualities  of' 
gii3  priKluced  by  the  distillation  of  biUnuiuous  coal  in  ehwed 
vessels.  But.  as  often  happens,  the  idt-a  origitiating  in  Frauce 
wn-s  at  first  only  upjilitfl  in  Enghind.  In  Krtmro,  gas  was  pro- 
nounced uuheiilthy,  juMt  as  nsil  itself  had  been  for  the  same 
niHson  condemmHl  a  short  time  before.  Nevertheless,  it  was 
tried  in  Paris  iu  1818,  under  the  administi-ation  of  JI.  dc 
Chubn>I.  and  its  immense  snceesa  immediately  forced  it  into 
the  public  service ;  after  having  conquered  the  streets,  the 
conquering  hero  soon  i>enetrated  also  the  private  houses,  and 
waa  accepted  everywhere. 

It  is  this  light  that  reigna  to-day,  and  ils  snju'emacy  is  due 
priucipally  to  its  cheapness.  A  gas- flame  equal  to  (he  Carcel 
lamp  only  casts  at  Pari.s  three  centimes  jM'r  hcmr,  instead  of 
six  and  n  half ;  that  is  to  say,  less  than  half  the  cost  of  o51. 
This  calculation  w  based  on  a  high  price  for  gns.  snch  as  still 
obtains  in  some  situations,  namely,  thirty  centimes  per  cubic 
metre  ($1.7i>  per  1.000  feet).  Bnt  iu  the  case  of  cities,  which 
pay  only  fifteen  centimes,  the  expense  comes  down  to  one 
quarter  the  cost  of  oil,  and  this  is  the  price  all  consumers  pay 
in  London,  as  well  as  in  most  Kngli.sh  cities. 

The  producers  of  oil  believed  that  they  had  received 
death-blow,  and,  n.s  bituminous  ctml  as  well  as  oil  was  a  home 
product,  they  could  not  suppress  the  new  industi'j'  by  a  pro- 
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fective  tariff.  Gas  gave  lutii'e  light  for  less  money,  coiOd  be 
conveniently  used  in  all  places,  and  did  away  wiih  a  lot  of 
ntensils  wliich  were  always  a  source  of  trouble  and  uncleanli- 
noss.     How  could  such  a  rival  be  conquere<l ! 

Nutnml  as  tliese  pessimistic  forebodings  seeme*!,  expe- 
rienne  has  proved  their  falsity.  The  oil  industry  is  as  pros- 
IX'ri^us  to-day  as  it  ever  was.  Its  pi-odiiction  has  not  dimin- 
is;hed.  By  the  side  of  the  brilliant  triumphs  of  gas,  it  has 
filled  many  i>lacea  where  the  new  conquerrjrcntdd  find  no  foot- 
ing, and  in  these  cases  the  original  consumption  of  oil  luis  been 
incretwed,  berau.se  the  eye,  more  exacting  on  account  of  the 
prodigal  light  of  gn.**,  is  not  content  with  the  feeble  liglit  which 
fonnerly  sjitisficd  it.  Thus,  wiinf  the  himp  has  lost  bj'  rom- 
petiliou  with  gas,  it  has  gained  in  the  coraiM-tition  wilh  the 
candle,  iu  spite  of  the  transformation  oi  the  lattiT  into  a  clean- 
er and  belter  luminary  than  it  was  of  chl. 

About  18C0  the  discovery  of  petn)leiim  added  still  more  to 
our  resources,  giving  us  a  light  at  least  as  gwjd  as  that  of  gas 
at  a  much  lower  price,  yet  we  (the  French)  were  the  only  ones 
who  were  not  allowed  to  profit  by  the  discovery,  because  of 
the  heavy  tariff  which  the  oil  had  to  pay  on  it^  entrj-  into 
Prance.  Again,  the  oil-producers,  and  even  the  gas-manu- 
factnrers,  felt  themselves  seriously  menaced.  Nevertheless, 
gas  continues  to  prosper,  not  only  in  France,  but  also  in 
England  and  (iermany.  where  petroleum  costs  twenty  cen- 
times a  litre,  and  even  in  New  York,  where  it  hardly  costs 
two  centimes.*  on  account  of  the  proximity  of  the  Pennsyl- 
vania wells. 

AVhat  has  been  going  on  for  the  last  fifty  years  between 
oil  and  gas  is  taking  place  to-day  between  gas  and  electiicity. 
Since  the  electric  light  has  grown,  and  seems  to  threaten  the 
domain  of  gas,  all  the  interests  there  engaged  are  trembling, 
as  the  reprcHentatives  of  oil  did  of  old.  Already  it  has  sev- 
eral limes  hajtpeiied  that  the  announcement  of  such  or  such 
an  electrical  discovery  lias  induced  real  panics  among  the 
numerous  stockholders  ot  the  gas  comi)anie3  of  the  world, 
especially  those  of  America. 

These  feai-s  are  without  foundation:  the  coming  of  the 
electric  light  will  create  new  needs;  without  injuring  con- 

*[Thl8  price  is  sl>out  l^o  c«iits  n  ^lloti.  retrolenm  suitable  for  bumiDg  iu 
Ismps  ran  ant  bo  bought  in  Xuw  Yurk  hy  the  barrel  at  lout  titun  seven  times 
this  price.l 
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tempomneona  hidustries,  it  will  cause   improvemente,  and 

pnibably  a  lowermg  Id  price,  by  which  the  whole  community 

will  profit. 

Tlie  ftm.sumep  will  sjwnd  just  as  much  money,  but  will 

haveu  betur  light,  and  tlie  producer  will  make  his  profit  on 

an  increased  sale.  Of  this 
we  have  already  e*»en  the 
proof  in  the  imyjrovements 
recently  iuirodiiced  in  gas- 
burners,  in  which  the  illu- 
X  Tv     nil'ia'iJig  power  has  been  in- 

creased and  the  con8«mi> 
tiun  of  ^an  diminished  tn  a 
ratio  that  four  or  iive  years 
ago  wtmld  have  seemed  in- 
credible. 

As  for  coal,  it  is  not  at 
all  menaced,  l>erniise  it  is 
by  the  intermediation  of  the 
steam-engine,  that  is  to  say, 
by  the  consumption  of  coal, 
that  electricity  i.s  produced. 
It  may  be  that  In  »»me  con- 
ditions gas-engines  may  be 
employed  instead  of  steam- 
engines,  so  that  gas  will 
profit  by  the  development 
of  electricity. 

Here  we  must  speak  of 
two  other  processes  of  light- 
ing wliioh  are  intei-esting,  be- 
cause the  pnueiple  of  incan- 
descence on  which  they  are 
founded  is  applied  with  suc- 
cess in  certain  recent  systems 
of  electric  lighting,  and  be- 
cause they  give  as  very  pow- 
erful lights,  compandtle  fn)m 
this  point  of  vi^w  with  the 


fi«.  9.— LaBpoTM.  Tc     <      .    i  r.    i  i  [iro- 

(lurliun  of  iLe  Druiuiuuiitl  li.-liL 

A  uid  B,  Inlotcocki  fur  ttx)'j{U]  urnl  ooni  gWi 
brougbt  Ihnnigli  caontcboue  tubea  Ittted 
bwtovr. 

C,  blaw-|Jpc,  will]  iwiiirik'  icii*-jrt.  Tlic  tno 
gWM  miy  mix  «i  tbo  viul  ct  tb«  jci,  TnU 
toirln^  ncjiarata  •.-oojuitt  up  tu  lht>  pidnt, 
one  v;FllQ<trii:nl,  tliu  oth«r  nnnutar,  svir- 
louBtlitiit  Ibe  flnt  a*  tJiown  !ii  tho  detail 
iKtlonomb«rijct<t. 

J>,  plaU  of  mngii«il»,  which  bMyimcK  tnc«n- 
tUwent  unJ*<r  (li«  ucUud  of  tlw  iishtwl 
ptMW  nixtHra. 


ai-c-elecn-ic  light  il.sell'. 
TIic  first  consisted  in  the  employment  of  a  cylindrical  cage 
of  platinum  wire  brought  to  incandeaceuc^  by  the  heat  from 
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a  jet  of  hydrogen  gas.  This  system  was  publicly  experi- 
mented  with  in  1850,  in  some  streets  of  Xarbonne.  The  eiTect 
wa,^  EKitiHfiuiIory,  but  it  wa,s  far  too  exi>pnsive. 

The  otlier  jiysteni,  invented  by  Mr.  Drummoud,  was  modi- 
fied by  Af.  Tessi6  du  Mntay,  wh»  made  several  trials  of  It 
fivim  18G7  to  1872  in  diffi-rent  liM-alities  in  Franre,  notably  in 
the  I'lac«  de  I'liutel  rle  A'ille  and  tlie  PLice  iln  C'arroiistil. 
The  Dnimmond  system,  still  in  n.se  for  exi»eriment8,  consists 
in  heating  a  i>endi  of  lime  by  the  heat  developed  by  the  com- 
bustion of  a  gat*  jet  fomicd  of  two  volumes  of  hydrogen  and 
one  of  oxygen.  M,  Te.s6i6  du  Motay  replaced  the  hydrogen 
by  oi-dinary  coal-gaa,  and  (he  lime  l)y  compressed  magnesia 
(Fig.  8,1. 

The  same  objections  were  made  to  the  too  great  intensity 
and  too  great  whiteness  of  the  light  that  ai-o  made  to  the  elec- 
trio  light  t«>day.  Lamyts  on  tliis  system  <'an  give  a  light  of 
twenty  Carcel  lamps,  by  burning  about  two  hundred  litres 
(seven  cubit.!  feet)  of  gas  ])er  hour.  But  the  cost  of  produc- 
tion, and  of  the  separate  gas  mains  and  pipes  for  the  oxygen 
[jps^  raise  luatcriiUly  the  cost  of  this  light. 


CHAPTER  U. 


msTonr  or  nis  electbjc  lioiit. 

It  would  l»e  going  too  far  to  trace  the  history  of  the  electric 
light  back  to  the  (Greeks  < if  the  hemic  epoch,  that  is  to  say, 
to  Tliulea  of  Mlleius.  oousidei-ed  by  many  savants  as  the  first 
anoeator  of  our  electricians,  because  he  is  supposed  to  have 
known  the  attraction  (V:*v.do]>e<-l  in  yellow  aml>er  by  fiirtion. 
But,  without  going  so  far  back,  mention  must  1m^  miiih'  of  the 
inventor  of  the  first  electiic  machine,  in  the  latter  lialf  of  the 
Beventeentli  century,  thi^  Rtu(li()us  burgomaster  of  Magde- 
buT^,  Otto  von  (iucricke,  lo  whom  also  ia  due  the  first  air- 
pump. 

We  know  that  Ott^i  vcm  Guericke  prodnced  electricity  by 
nibl)ing  a  gh)lie  of  sul]>hur  with  tlu'  hand  (Fig.  0).  He  is  the 
first  who  produced  Hijlit  from  this  elwtricity  ;  this  wa.s  rather 
B  Cttint  glow,  like  that  of  phosphonis  in  the  air,  for  he  com- 
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pares  it  to  tlie  light  imxliu't'tl  by  niblting  piee^a  of  mgar  to- 
gether iu  I  he  dark.  It  is  a  long  way  from  this  insignificant 
and  fugitive  light  to  the  immense  lights  of  to-day  which  rival 
the  sun.  Yet  the  cause  is  the  Hume :  the  whole  question  is  iv 
concentrate  it  sufRc-iently  imd  to  properly  regulate  it. 

The  glow  seen  by  Otto  von  Guericke  was  soon  noticed 
more  clearly  b)-  I>r.  Wall.  He  obtained  electricity  b}-  i-ub- 
bhig  a  stick  of  aniljer  with  a  linen  cloth,  which  angments  the 
quantities  of  electricity  produced  and  makes  the  phenomena 
more  sensible.  Upon  squeezing  the  amber  tightly  while  rub- 
bing it,  he  heard  a  prodigious  number  of  ciacklings,  accom- 
panied by  flashes  of  light.  Rubbing  the  amber  lightly,  the 
luminous  flashes  were  prwluced  alone,  without  any  noise ; 
finally,  if  the  finger  was  brought  close  to  the  piece  of  araber, 
a  load  noise  accompanied  by  a  great  flash  of  light  was  pro- 
diiced.  It  was  the  electric  si>ark,  peifectly  characteristic, 
though  very  feeble  under  such  circumstances. 

**I  have  no  doubt."  iid<b«l  Dr.  Wall,  "that  by  using  a 
largtT  and  longer  piece  of  umber  both  the  n(»i.se  and.  the  light 
would  be  greatly  incnmsed.  This  light  and  noise  a])pear  to 
repn^sent  in  a,  certaiu  faj*hion  thunder  and  h'ghlniug." 

Tliis  compnri»<m  would  seem  overdrawn  for  a  spark  which 
Bcems  to-day  so  very  small.  But  it  is  none  the  less  remark- 
able to  see  the  analogy  between  lightning  and  eh^tricily 
cleady  presented  at  the  com  men  cement  of  electrical  studiets 
nearly  a  century  iH'fore  Fnmkliii,  wh<)  thought  himself  ven- 
turesome iu  declaring  if,  and  fean-d  that  he  wtudd  seem 
ridiculous  in  (rjiug  to  ju-ove  it;  for  it  is  known  thai  he  hid 
himself  cai-efully  (wm  his  friends  in  making  his  famous  ex- 
periment uith  a  kite  m:ide  to  ascend  into  a  thunder-cload 
(Fig.  10),  the  siring  of  which  kite  gave  sparks  of  electricity. 

Tliis  exceeding  coiTectnesa  ajipeiirs  more  remarkable  in 
Pr.  Wall,  because  it  was  joined  in  his  mind  to  the  wildest 
ideas.  After  he  had  most  satisfacloiily  demonstrated  that  all 
elertiified  bodies  pi-oduced  light,  in  the  same  way  as  amber 
and  sulphur,  he  called  this  light  the  cause  of  electricity,  em- 
ploywl  it  as  an  infallible  means  of  distinguishing  ti-ue  from 
false  diamonds;  affliiued,  moreover,  that  it  only  was  jiro- 
duri*d  at  night,  and  that  the  moat  favorable  period  wjis  when 
the  .*tun  had  gone  eighteen  degrees  below  tlie  horiwm  !  In 
spite  of  the  moonlight,  the  electric  light  was  prmluced  then 
with  the  .same  brightness  as  clmracteriztMl  it  in  the  most  pn>- 


Fid.  10.— Ftuikliu  "i^^'",-  iLu  u\f«riiii>!iit  wiUi  a  kite,  tu  .-ju.jiuti  Liu  iduiiiljr  <'U8|fat]iiB|f 

Wall,  but  Trith  less  risioiuiry  ideas.  He  also  considered  the 
electric  light  as  a  phosphoresneat  llKht,  whtrh  ho  eompared 
to  that  emilteil  by  sucar  when  nibbed.  Bur  he  siircoeded  in 
producing  it  iu  much  greater  quantity  by  different  means, 
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and  notably  by  shukiug  mercury  in  a  vessel  of  glass  which  he 
hmi  previously  exhausted  of  air.  Dominated  by  his  eiTone- 
»)Us  theories,  he  called  this  electric  light,  produced  by  the 
friclidu  Iwtween  glass  and  mercury,  me/curml  pJiosphorus. 
Ou  another  occ^i^ion  lie  used  melted  wax  to  cover  half  the 
inieriur  surface  of  n  glass  globe  exhausted  of  air ;  this  be 
moved  alniut^,  applying  bis  hand  to  the  upper  surface  to  elec- 
trify it.  He  wa*>  greatly  astonished  to  see  his  hand  appear 
witbin  and  through  the  wax,  which  in  places  was  over  iin 
eighth  of  an  inch  ia  thickness. 

r"  But  the  greatest  electric  light  which  Hawkslnw  ever  pro- 
IPed,"  says  Priestley,  "was  whou  be  iuclosHHl  a  cylinder 
exhausted  of  air  within  another  not  exhausted  nnd  wlien  he 
nibljed  the  exterior,  moving  both  cylinders  sit  the  same  time. 
He  found  no  diiferenc^*  in  the  eflfentfl  wliether  both  moved  to- 
gether or  not.  He  adds  that,  when  the  outer  cylinder  alone 
moved,  the  tight  liecame  quite  strong,  and  extended  il^telf 
over  the  surfaceof  the  inner  ves.sel.  But  what  mnst  surprised 
him  was  this :  After  both  vessels  had  lieen  moving  for  some 
time,  during  which  he  had  applied  his  hand  Xvi  the  surface  of 
tiie  exterior  vessel,  if  the  combined  movement  ceased,  there 
was  no  light ;  but.  if  then  he  brought  bis  hand  near  the  sur- 
face of  the  exterior  vessel,  flashes  of  light  like  the  aurora  were 
produced  within  the  inner  ves.sel.  It  would  ap]>e-ar  that  the 
emanations  from  the  exterior  vessel  were  made  to  impinge 
npon  the  inner  vessel  with  more  force  by  the  simple  approach 
of  the  hnnd.'* 

All  these  facts,  which  disconcerted  as  well  as  astonished 
the  old  physicists,  are  without  difficulty  exi)lained  to-day,  and 
hav*'  for  us  no  more  than  an  historic  interest.  But  we  see  that 
the  faint  ^\ovr  of  Otto  von  (ruericke  hnd  already  made  much 
progress;  it.  was  destined  to  increase  and  attain  far  greater 
piTiportion*  in  the  eighteenth  century,  and  above  all  to  l>e 
distributed  by  wires,  an  improvement  destined  to  increase  its 
power  tenfobl. 

Under  the  English  physicist  Orey,  electricity  was  studied 
in  an  altogether  new  way.  The  territory  of  clumeia  and 
chance  obsen'ations  was  abandoned  in  favor  of  the  more  ra- 
tional course  of  experimental  studies,  which  at  last  took  pos- 
session of  all  the  sciences.  In  1727  he  proved,  in  a  series  of 
experiments  made  in  conjunction  with  Checler.  that  certain 
.substances  conducted  the  dectrlc  nirtue,  as  it  was  then  called, 
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SO  that  the  nttracrivt*  pntpcrties  of  hodicw  filectrificd  by  fric- 
tiim  p(nil(l  thus  l>c  tmnsmitted  tr>  grfat  dwlimres.  The  metals 
were  found  particularly  available.  Other  bodies,  on  the  con- 
trary, did  not  enjoy  this  property,  and  did  not  transmit  the 
eUcirie  virtue  ;  this,  for  example,  was  the  case  with  silk. 

Electric  conductivity,  and  in  consequence  the  essentially 
mobile  nature  of  elet'ti-icily,  was  established  by  these  exi)eri- 
nients.  Several  other  discoveries,  only  realized  at  a  later  period 
— snch  as  electrization  by  induction — were  foreshadowed  by 
Grey.  Had  he  lived  a  century  earlier,  he  would  probably 
have  affirmed  them  ttithnut  waiting' :  but  the  experimental 
method  prohibited  men  of  science  from  advancing  any  theo- 
rieij  except  so  far  as  they  were  able  to  prov«  the  truth  of  their 
position  to  all  by  tangible  facts. 

After  having  proved  metallic  conducti\-ity,  Grey  observed 
the  escape  of  electricity  ivom  points,  a  manifestation  which 
constitutes  the  electric  taper,  and  he  showed  that  the  sjiark  is 
due  to  u  true  movement  of  electricity. 

He  obsen-ed,  in  fact,  that  the  Kjiark,  <lrawn  from  water 
contained  in  a  vessel  about  an  inch  tlisUuil,  produced  a  little 
mountain  of  water  of  conical  form.  Fi-om  the  summit  of 
this  mountain  of  water  a  light,  perfectly  visilile  in  darkness, 
emanate<L  Next,  the  mountain  shrank  within  itself,  and  fell 
iHK'k  into  the  general  mass  of  liipiid,  to  whii-li  a  trembling  and 
nndulatoiy  mi>vement  was  imjiarted.  (iivy  even  succeeded 
in  discovering  in  this  experiment  still  belter  evident^!  of  me- 
chanicjil  transportation  :  he  showed  that  the  little  liquid  par- 
ticles flew  upwjird  witli  the  light  fnim  the  summit  of  the 
mountain,  and  that  thei-e  was  thus  fonned,  at  the  top  of  the 
cone,  a  very  minute  thread  of  water  emitting  a  fine  spiuy  or 
mist,  so  delicate  that  it  could  hardly  be  discerned. 

In  consequence  of  his  experiments,  Grey  declared  that  he 
could  liy  means  of  electricity  make  cold  water  boil  and  pro- 
duce fit)m  it  a  tiame  and  an  explosion.  The  great  future  of 
this  tIame  a]>peaj"ed  very  clearly  to  him,  for  he  wiys,  "Al- 
though thew;  effects  have  never  been  hithert<i  produced  except 
on  a  verj'  small  scale,  it  is  pmbable  that  with  time  a  way  will 
be  found  to  accumulate  a  greater  cpmntity  of  electric  fire,  and 
wmscquenlly  to  increase  the  potency  of  this  fori-e,  which,  from 
several  of  these  experiments  (*/  paroas  de  maffiits  eoniponere 
licet),  would  seem  to  be  of  the  same  nature  as  that  of  thunder 
and  lightning." 
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now  dave  reatiied  ilie  end  oi  Iiie  tifHt  quarter 
eighteenth  century,  ahtmt  1737.  It  is  the  idea  of  Wall  wblcli 
reapx>faiv<1  twenty  yeiirs  hit^'r,  l)nt  emaniitetl  fnim  (lie  lips  of 
n  man  of  hijflier  autluirity,  trained  in  the  severe  fwlKjol  uf  ex- 
jierience,  and  wlio  did  not  trust  to  the  chimeras  of  cite  imngi- 
nation. 

All  tliiH  while  eleetrical  studies  were  extending;  tliey 
lH>mme  to  a  certain  extent  the  fashion  ;  the  g*'neral  pnb- 
]ir  berame  interested  in  them,  and  France,  supreme  arbiter 
of  opinions  lu*  well  as  of 
eleganet'  in  the  eigliteenth 
r«*nttiry.  Ix'jjnn  to  b*?  nmi- 
pied  with  them.  A  meniiier 
of  the  Arademy  of  Seiences 
ar  Paris,  iJii  Fay,  siiperiii- 
teudeiit  of  (he  .lai-diu  dii 
Roi  (to-day  (he  .lardin  des 
Plantes).  repeated  Orey's 
experiments,  and  made  new 
ones.  It  was  he  wlio  first 
produced  a  spark  from  a 
living  body. 

Every  one  knows  to-day 
the  experiment,  which  is  re- 
prrHluced  in  the  course  of 
jthysics,  by  plwing  a  t'Lild 
on  an  insulating  8t<n»l,  and 
making  ronmnuiication  be- 
tween it  and  the  electric 
machine.  In  itself,  the  ex- 
jieriment  does  not  at  all 
astonish  us.  But  it  then 
prtnluped  an  extraordinary 
.sensatitm,  iimi  attrarled  ev- 
erj'  one  to  tlie  new  sojence. 
The  effects  wei-e  varied   in 

numberless  ways,  and  they  did  not  fail  to  exaggerate  them 
grejitly  iu  < -on versa tious,  or  in  the  yieritKiical  literature  of  the 
subject  then  beginning  to  appear  {FIk.  11 1. 

TliH  monks  even  joined  the  poptilar  movement :  a  Scotch 
Benedietiue,  the  reverend  Father  Gordon,  increased  the  force 
of  the  spiirk  until  it  killed  little  birds,  and  made  a  man  trera- 
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ble  from  head  to  foot  with  its  peculiaraftiration.  A  professor 
of  dead  languages  at  the  University  uf  Leipsic,  abandoning 
the  aucieut  cluwsic  humanities  for  (he  study  of  the  new  smh- 
ence,  iiicreiu^ed  mIUI  further  Ihe  f()rce  of  eleetric  machines  by 
iui-reaaing  the  rapidity  of  ri)tatiou  uf  the  globes  or  cylinders 
which  oomposed  Iheni.  lie  reached  as  many  as  six  hundred 
and  eighty  tunis  a  luiuiite,  and  obtainetl  sjKuks  whiuli  burned 
the  skin  like  a  caustic,  and  made  the  blmid  in  the  veins  gush 
out,  and  accomplished,  accoitUug  to  the  stones  of  the  contem- 
porary savants,  many  other  honible  things. 

In  1744  a  savant  of  Berlin,  named  Ludolf,  ignited  ether 
with  the  spark  :  and,  later,  another  scientist,  Boze,  ])erfonned 
the  most  paratioxical  exjwrinient  of  all,  by  igniting  alcohol 
and  spirituous  liquors  by  a  jet  of  water  which  sened  as  con- 
doctor  for  the  electricity. 

In  1746,  in  a  memoir  i-ead  before  the  Royal  Society  of  Lon- 
don un  the  Cth  of  Febniary.  Dr.  Wataon  demonstrated  that 
th«  eleclric  sjiarks  appeared  of  diffi.ntjnt  colors  according  tci 
the  naturtf  of  the  substance  from  which  they  emanated. 
Bodies  with  roughened  surfaces,  such  as  nmty  iron  or  oxi- 
dized copper,  gave  redder  sparks  than  bodies  with  clean  sur- 
faces. 

But  it  WHS  long  lM;fore  the  full  .signification  of  this  fact  was 
known,  which  should  have  fumi.shed  the  explanation  of  the 
true  nntu)>»  of  the  electritr  sjKirk.  The  spiirk,  in  fact,  is  in- 
debted for  its  brilliancy  lo  the  jMirlirlea  wliidi  it  detaches 
from  the  more  or  less  volatilized  conductors,  mid  carries  off 
with  iLs«?If ;  its  coh»r.  tliei-efoiv,  should  vary  ;u.'(-ording  to  the 
nature  of  these  ])arti(!les — that  is  to  say.  of  (he  conductoi-s 
wlumcie  it  emanates.  Watson  aj^jiroiurhed  very  closely  the 
true  expla  tint  ion,  siuiple  as  we  know  it  to  be,  yet  tried  to  liml 
a  compiicated  cau.se  for  the  jihenomeuon  in  the  diffeiience  of 
retlection  of  light  according  to  the  variable  nature  of  rhe  sub- 
stances reilecting  it. 

Finally,  it  was  Ibis  savant  who  first  produced  a  it^il  elec^tric 
light.  By  uniting  in  action  four  of  the  globes^  which  fur- 
nished hini.  by  their  rotation,  with  electricity,  he  produced 
genuine  jets  of  Hamo,  which  gave  almost  a  continuous  light, 
because  of  their  size  and  rapid  succession.  The  expei-imeul 
was  naturally  condncted  in  a  dark  room,  and  light  enough 
was  produced  to  show  distinctly  the  features  of  the  ])ersons 
present. 
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During  the  second  hnlf  of  tlie  fiiphtcenth  tvmtiirj'  the 
lal»oi-s  of  till' fiilldwin^  Herh-iriiuLs — Ihr  Ahlw  Nnllt-t,  Knunk- 
liii,  Fatliw  Bea-Jiria,  Canton,  Dr.  Dcsatifrit'i-s,  ami  <if  many 
others— <iicl  nut  fiimish  a  single  new  eh^ni^nl  to  the  elertrii* 
ligtit.  But  the  kninvlwlfre  "f  i'lMrtri<'it3'  (vintinned  t**  cle- 
vcliip,  and  appamlus  wuh  invtmted  for  measuring  it  (Kig.  I'd). 
It  waa  only  in  18(M»  that  the  df^isive  fnct  a|)[H!unMl  uhirh 
opened  a  way,  entirely  new,  l>y  whicli  the  fleririr  liglit  roiiUl 
be  pntducetl,  not  iis  a  mere  rurioaity  of  the:  lalionitory,  an  in 
Watson's  exi)erinient,  but  in  the  state  of  practical  and  every- 
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day  application,  as  we  now  witness  ii.  This  arliievi'ment  waa 
the  invention  of  the  pile  or  Imttery  by  Volta — the  <liw!ovHry, 
in  fact,  of  elei'trieKy  in  the  dynnnue  state,  or  stute  of  eiirreTitn, 
which  we  shall  endeavor  to  illusu-ate  and  ex[duin  in  its  move- 
ment and  action  in  the  next  chapter. 

The  wonderful  invention  of  Volta.  inspired  by  the  well- 
known  experiment  of  Galvuni.  gave  eleetrieal  studies  at  cmre 
H  new  dirertion.  The  ways  trodden  for  rhi*e  quarters  of  a 
eentury  (since  the  experiments  of  Gi*ey)  ^vei-e  deserted,  and 
the  new  territory,  whose  bonds  of  nnion  «ith  the  old  were 
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not  08  yet  understood,  was  eageriy  explored.  A  complete  r&- 
nsioii  of  the  old  experiraentw  had  t<»  b**  made,  for  the  lumin- 
oils  effects  an  well  ns  foi'  the  others.  It  wafl  perhaps  in  that 
direction  that  the  most  striking  resull-s  were  iittained. 

Thirteen  yeai-a  after  the  discovery  of  Volta,  in  1813,  Sir 
Hiimphrj'  Davy,  bringing  near  together  the  terminals  or 
electi'odew  of  a  |>owerfnl  I)attery,  cansed  a  jet  ol  Hnnie  to 
play  between  the^se  electrodes,  which  wa«  not  momentary  like 
the  electilc  spark,  hut  wji.s  continuous.  It  was  the  voltaic 
are,  observed  for  the  first  time  in  Ijondon  in  the  hiboratory  of 
the  Royal  Institution  of  Great  Britain,  which,  .since  then,  has 
been  the  theatre  for  the  production  of  tut  many  beautiful  i-e- 
seareh&s  in  m;ignetism  nml  electricity,  iiarticularly  of  those  of 
Faraday. 

The  bntterj-  nsed  by  Sir  Humphry  Davy  had  o.s  many  as 
two  thousand  elements,  and  the  jictive  .siirfjice  of  all  these 
elements  ciime  to  a  sum  total  of  eighty  square  mctii's.  Over- 
whelming am  the  prmluction  of  light  wilh.  it  ccmhi  not  cause 
the  enormous  appiinittis  tit  Iw  igiu>m(I,  luoi-e  ccistly  even  llian 
rtimbrous,  and  it  is  hard  to  drvam  Un-  a  moment  of  the  intro- 
duction into  ordiniirv  life  ((f  so  rxpensive  :i  light. 

Nrverlheic.ss,  the  study  of  the  I'lectric  light  was  prose- 
rutt-d.  Sir  Hamphrv  Dnvy  had  plnctnl  at  the  extrt-mitles  of 
his  eliM'trcHles  two  rjirlxms,  wliicli  became  incandescent  by  the 
j)ass!ige  itf  tin*  riiiTi^nt.  ami  wliich  fund-sheil  the  necessary 
elements  to  ntnder  the  flame  brilliant.  Tlieae  carbons  cotild 
Ik'  drawn  ten  centimetres  apart  without  extingni.shing  the 
wonderful  light  which  had  been  produced,  and  without  even 
weakening  it.  How  did  the  elecrricity  pass  ?  and  would  tins 
tjjMm  spiuw?  l>e  an  obstacle  t<i  its  passage ;  .\  crowd  of  savants 
devoted  themselves  to  these  questions  in  Enghuid,  in  France, 
in  Switzerland,  in  (Germany,  in  Italy.  Sir  Humphry  I>avy 
showed  tliat  the  electric  light  sprang  through  a  vacuum  as 
tlirough  air,  hut  «ith  more  difficulty,  and  the  difficulty  grew 
with  the  increased  vacuum.  Thus,  in  the  imperfect  vacuum 
of  the  air-pump,  it  passed  over  six  times  ns  great  an  inten'al 
Hs  that  whicli  an-ested  it  in  the  more  perfect  Torrecellian 
vacuum.  But  Davy  persisted  in  believing,  in  spite  of  the  ob- 
jections of  thither  Beccaria,  that  the  electric  light  could  be 
prt>pagated  in  an  absolute  vacuum,  if  such  could  be  produced. 

Much  later-,  in  I!i^u,  when  the  electric  light  began  to  enter, 
if  not  into  the  domain  of  practice,  at  least  into  the  laborato- 
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ries,  Masson,  Pmfessor  of  Physu-s  in  the  Creole  Contrale  des 
Arts  ef  Manufactures  in  Paris,  repeated  The  exiwriments  of 
Sir  Humphry  Davy.  Ho  ctincluded  (hat  electricity  could  pro- 
duce no  current  in  an  absolute  vacuum,  and,  in  consequence, 
no  voltaic  an*.  In  fine,  the  lifiht  produced  by  this  air  ap- 
pearetl  to  have  ihv  same  canse  as  that  of  the  electric  siMirk  ; 
it  is  due  to  the  transport  by  electricity  of  the  incandescent 
parlii'lcsol"  the  clccti'odes.  Thes*^  results  an*  the  more  ivjidily 
udniltted  to-diiy,  us  they  have  l>een  continued  by  the  researehes 
of  Miitteucci,  <-«ming  soon  after  thnsf  nf  Masson. 

When  it  ranie  fc*j  the  ])mcticnl  a  j)]  ill  cations,  a  host  of  difB- 
culties  w(!re  onrountered.  Nevertheless,  in  1841  and  1844, 
two  French  Ruvanta,  MM.  Deleuil  and  Archerean,  hati  con- 
du<:ted  in  Paris,  on  ttie  dmtl  dock  and  Pliine  de  la  rtmconle, 
publie  exiH-riments  which  excited  the  astonishment  and  admi- 
ration of  all.  They  developed  the  electric,  arc  in  a  elo.scd 
veKs*-],  cxlnnisted  of  air  to  retard  tin-  combustion  of  lliccjir- 
bims.  They  iilnyuly  hojKxi  to  increiLsc  tin?  jjower  of  their 
ap{>urutus,  so  as  to  rn-ute  little  suns  for  the  use  of  cities  not 
favored  by  the  real  one.  This  idea  dates  still  further  back, 
for  a  profesaor  of  the  University  of  Halle,  named  Meimikej  had 
already  made  the  same  su^^estion  in  1821  (Colburn,  "Prac- 
tical Kconomy").  But,  in  1844.  us  in  I82I,  this  was  but  a 
dream  without  seritma  foundation,  bet-anse  everyihiuf;  was 
wanting  that  would  l»e  required  to  realize  it  even  In  jKirl. 
Aj^ln,  batteries  stnuig  en(ai>;li  to  illuminate  such  awiw  of 
lighting  could  not  be  constructed  at  any  pi-ice.  Finally,  car- 
bons capable  of  giving  a  gowl  light  for  a  sufficient  period  were 
unknown. 

As  the  carbons  biimed  up  during  the  pii.ssage  of  the  elec- 
tric current,  and  grew  shorter,  w>mft  means  had  to  be  f<mnd  to 
bring  them  together— ^-rit her  gtMKi  ivgulators  <ir  other  me-ans. 
Tins  WHS  the  pi-ogrimme  thirty  years  ago.  We  lyin  say  that 
it  lias  b<!en  mrried  nut  lo-day,  and  that  every  problem  in  it 
has  receive*!  geiuMidly  sevcnil  solutions. 

'ITie  Hrst  n-ally  pnu-ttcul  application — that  is  to  say,  jKiid 
for^waa  in  1846,  for  a  special  object.  The  sun  was  to  appear 
during  till!  opera  nf  *'The  Prophet,"  Recourse  was  ha<l  to 
electrit^ily.  and  such  was  its  success  that,  under  the  auspices 
of  M.  l)(d><KS(j,  a  regular  ser\dee  ft)r  its  administration  was  or- 
gan izetl. 

At  the  end  of  the  succeeding  yBar(1847),  \V.  E.  Staite  pnb- 
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licly  exiienmeulMl  with  it  in  Knglnnd,  in  the  large  hall  of  a 
hotel  of  Siiadurland.  It  was  probiibly  the  first  tiial  of  artti- 
nary  lighting  by  electricity,  because  no  account  has  reached 
us  of  a  i-eduction  to  jiractice  of  the  earlier  patent*  of  Pe  Mo- 
Jeyns  (August  21, 1841),  Thomas  Wright  (MaitOi  10, 1845).  and 
K.  A.  King  (November  4,  1845),  all  taken  out  in  I/)ndon. 
ThiH  lighting  of  Sunderland  seems  to  have  lasted  some  time, 
and  the  gi-eat  jonmal  (»f  London,  the  "Times,"  be*'Jinii?  quite 
enthusiastic  over  it.  Its  power,  it  said,  was  imnien-se  ;  it  re- 
sembled the  Sinn,  or  the  light  of  day,  and  made  candles  appear 
as  oI»8cure  as  they  do  by  daylight  (Noi'ember  2,  1H4K). 

During  four  years  the  inventor  multip!it»d  his  experiments 
in  a  certain  number  of  cities  of  England,  and  in  1KJJ2  the  di- 
rectora  of  the  Livei-pool  docks  placed  a  large  n]ipiirutUN  on 
his  system  on  top  of  a  tower  built  expressly  for  the  purpose. 
Bnt  in  this  year  Siaire  died,  and  his  idea  was  consigned  with 
him  to  the  tomb. 

All  this  did  not  piLss  iini'smurkfHl  in  Kmnrj>,  and  it  had 
even  l)een  siHiken  of  in  the  Acadt^niy  i>f  Sciences  in  Paris  in 
the  Ix^inuing  of  the  year  IH4W.  Two  Lyonnese,  MM.  .1.  Ijacas- 
sa^ne  and  Kudolphe  Thiers,  took  up  rhe  question  fWMin  jifter 
the  dejith  i>r  Stidte,  They  patented,  in  the  beginning  of  Ihe 
year  IRflfi.  a  new  form  of  regulator,  in  which  tiie  lower  cair- 
bon  reatwl  on  n  column  of  mercury  which  ruisiMi  it  up,  in 
pr(»iM)rthm  to  the  nit-e  of  its  combustion,  !)y  aid  of  a  sjiecial 
mechanism. 

The  first  public  exjwriments  took  place  at  Lyons,  in  rhe 
month  of  June,  1855,  im  the  qual  des  Celestins,  mid  the  jour- 
nnlsof  the  period  show  no  less  enthusiasm  than  was  shown  by 
the  ■•Timea,"  six  years  before,  overthe  system  of  Stalt*.  The 
whole  quay  was  tlcHxled.  they  say.  with  refnlpent  raysv  by 
vrhich  one  cnuhl  read  at  a  distance  of  four  hundred  and  fifty 
metres  from  the  light,  and  the  very  birds,  l)eUeving  day  had 
come,  quitted  theii-  nests  under  the  eaves,  to  fly  abont  in  the 
rsiysof  the  new  snn  ("Saint  Public'). 

The  following  month  the  experiments  were  repeated  at 
Paris,  in  the  chateau  Beaujon,  the  home  of  the  famous  ma- 
rine painter,  Theodore  Ondin.  The  accounts  given  us  are  no 
less  enthtisiasric  ;  they  tell  us  that  the  ladies  had  to  open  their 
p&rasols  to  protect  themselves  from  the  ardors  of  the  mysteri- 
ous star  ("Gazette  de  Piun<e,"  July  5,  1865).  They  tried  to 
interest  the  emperor  in  so  mai-velous  an  invention,  and  for  this 
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end  orpiuizeil  m  llie  month  of  Octnlwr,  18fi<i,  n  j^nd  demon- 
Ktratioii  fnjiii  tin*  fiiimniit  uf  tli<'  An-  de  Trinmiiln*  df  I'Ktoile. 
Tlie  avBUiie  de«  l.!haiui)s  lilyt*6t!H  waa  thus  illuminiit«?d  for  a 
space  of  four  liours. 

Tliis  year  also  klvv  ex]«*riruents  frttqut-iitly  n'i>iuitcd  in 
Paris  aud  Lyons,  notably  in  the  Alraxjir,  in  ih»^  WintiT  Gar- 
den. Ui  the  Observatory  of  FouiTi^i-es.  «lt'.  At  the  ho^^nning 
of  1857,  MM.  Larussa^ni'  and  K.  Thiei-s  lrie<l  lo  liphr  jMii-ma- 
neutly  the  Rue  Imperiale  in  Lyons,  with  only  two  centftrs  of 
Uliiminaiion  ;  and  in  the  montli  of  Marcli  exj»eriraent,s  were 
{'onduficd  in  Toulon,  in  tht>  iutei-est  of  the  Ughr-hmise  son-ice, 
fur  the  iUuminaiion  of  tlic  harbor. 

Little  by  little  the  subjet-t  fell  into  oblivion,  and  not  iitunh 
was  a^iii  lieard  of  it  until  I860.  Nevertheless,  during  tliis 
epoch,  there  were  several  electric:  i II iimina lions  on  a  larye 
scale  ;  but  ihey  were  executed  with  the  regulator  of  M.  Ser* 
rin.  invented  in  1859,  Pjirticalarly  the  lighting,  of  the  die- 
factories  of  Angers  in  186:J  must  I>e  cite<l,  iind,  nbov©  aU,  the 
lighting  of  the  milroiul  excavations  of  the  Northern  Spanish 
RnilrtKid  when  crossing  (iiuiflaiTama,  which  Instetl  ten  thou- 
sand hours ;  then  the  lighting  of  the  work  of  deiuolisluog  la 
Samaritaine.  and  of  various  public /?&«. 

Th^  principal  obsracle  was  found  in  tlie  iusnffirit'nry  of 
the  means  fr>r  producing  electricity.  The  magneto-electric 
machine  of  NoUet,  simplified  by  Van  Malderen,  was  destined 
to  do  away  with  this  trouble.  Thi.*  machine,  known  in  Kranco 
under  the  name  of  the  Soci^te  1*  Alliance,  wns  la^il  as  early  as 
1863  to  light  by  electricity  the  larg<i  light-iiousent  Havre,  soon 
after  that  of  Odes^iJi,  and  sevenxl  others.  In  18rt8  ji  new  order 
of  apiilicationa  for  it  appeared,  the  rlectri)-  lighting  of  vessels, 
introduced  for  the  tirst  time  on  the  yacht  of  I'rince  Nnpoleon, 
the  Prince  J6r6nic.  which  conhl  thus  ent«'r  :it  nighty  and  with- 
out a  pilot,  the  harbora  of  Ciibraltar,  Malta,  Constiintinoiile, 
and  Toulon.  The  trial  was  re^jeated  the  same  year  upon  one 
of  the  hirge  transatlantic  steamers,  the  Saint-Laurent. 

Finally,  the  invention  of  the  dynamtt-electric  machine  of' 
Gramme  in  1870  placed  at  the  disposal  of  engineers  as  power- 
ful a  siiuive  of  electricity  t\H  ibey  could  wi.sh  for;  nnd  six  yeiirs 
later,  in  1870,  the  Jablochkoil  candle  gave  them  a  burner  *> 
simple  in  construction  that-  it  was  at  once  accepted  in  every- 
day practice.  The  first  great  application  wjis  the  lighting  of 
re&ue  de  rOp^ra,  decreed  by  the  Municipnl  Council  of 
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Paris  on  the  occasion  of  the  Universal  Exposition  of  1878,  and 
which  has  been  maintained  to  the  present  day  (Fig.  14). 

Here  the  history  of  the  origin  of  the  electric  light  ends. 
It  passes  now  from  the  stage  of  experiment  to  that  of  indus- 
trial applications,  where  it  had  rarely  made  its  appearance  in 
our  country  (France)  even  after  1870. 


BOOK     II. 
THE    VOLTAIC    ARC. 


CBLVPTEU  I. 

B0»'  T/ie  ELKCT/uc  Liinir  /s  pffoprcsn. 

At  this  peiiod  iu  our  study  and  comparison  of  the  differ- 
ent systems  of  electru*  Hghtinfi.  which  have  imiltipHed  greatly 
in  thi*  lust  live  years,  it  is  ni'cessary  to  examin*;  tlni  conditions 
nnder  whioh  Iheelecfrir  light  i.s  pnKluced.  to  study  its  nature, 
and  aso^rtnin  the  different  mtitins  offered  by  scientitic  theories 
for  obtaining  it. 

We  are  entirely  ignorant  of  the  nature  of  electririty,  and 
we  can  not  even  directly  rHioognize  it  as  we  do  light  and  heat ; 
we  only  know  it  by  its  hiniinons,  ealorifie,  chemical,  or  me- 
chanicnl  effects.  Yet,  though  electricity  does  not  fall  under 
jiny  one  nf  our  five  senses,  we  have  a  sort  of  vngiie  si^insation 
of  it,  n»,  for  example,  when  the  air  is  charged  with  electricity 
im  the  ai>pPoach  of  a  thunder-at^n-m.  It  then  produces  in  ns 
a  partii^ular  nen'oiis  condition,  IiefniYi  the  stonn  will  have 
nianir«\st4f<l  it.self  by  any  calorilir,  mechanical,  or  himinoua 
effects,  and  tliis  particular  nervous  condition  evidently  corre- 
sponds to  the  electric  state  of  the  atmosjjhere.  But  all  this 
iH  limiteii  t<»  a  vague  sensation,  which  do(«  not  cxmcentrate 
itself  in  any  HpHcL-iI  ot^n,  as  the  (irgamt  of  tht^  five  nensea, 
and  Ihua  can  not  become  a  distinctly  marked  perreptiou. 

On  the  other  hand,  there  is  no  doubt  tliat  eleclrieity  in  not 
the  only  one  of  the  proper!  ie,H  of  matter  which  partly  evades 
our  perceptions.  We  may  reasonably  .sustient  that  many 
othen*  are  entiivly  unknown  to  us,  even  by  their  effects,  l>e- 
cause  these  effinrts  are  not  among  those  which  are  perceived 
hy  the  live  sense's. 

ijong  ago  philoHopherH  remarked  that  our  knowledge  of 
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nature  was  limit^fl  by  the  number  of  our  senses,  and  would 
probjibly  extend  its«'lf  if  tliese  were  innvnscd  or  even  per- 
fected. Nolhiilg,  indeed,  authorizes  us  to  believe  that  the' 
projrtrrties  of  nature  aiv  limited  to  those  which  affect  the 
sense:^  of  man.  Eleetrieity  furnishes  a  good  example  of  a 
material  property  which  we  never  knew  directly,  and  whose 
existence  is  still  perfectly  certain,  since  we  ha^'e  for  a  lonp 
time  studied  it  in  its  manifestations,  and  have  succeeded  in 
thoroughly  mastering  il. 

Physicists  who  live  on  intimate  terms  with  this  electric 
agent  have  not  succeeded  any  better  than  Ihe  tMiliiiary  ob- 
Hervei-s  in  penetrating  int^)  the  inner  uiUuienf  this  uiyHterioiis, 
Imiug,  which,  nevertheless,  they  control  and  (lii-ect  at  pleaa-l 
lire.  But,  to  facilitate  their  explanations  of  it.  they  lejiresent 
it  as  an  invisible  Huid,  many  million  times  tighter  than  air, 
and  whose  different  forms  of  movement  produce  electricity, 
heat,  and  light.*  Some  savants  still  adntit  two  electric 
fluids^not,  however,  deceiving  themselves  into  believing  in 
the  objective  rei\Uty  of  their  theory,  whose  end  is  only  to 
facilitate  the  exposition  of  facts. 

Klectricity,  then,  is,  by  hypothesis,  a  sort  of  fluid,  formed 
of  imponderable  molwnhw,  which  tnivels  thn>ugh  niatenal 
l»odies — more  or  leas  easily,  iiccordin^  lo  rlie  nature  of  these 
IkmIic-s  that  i.s  to  say.  accfirding  to  their  condu(!livity  for  eleo- 
Iririty — ami  whii-h  ac<'unjulates  on  their  surfaces.  In  any 
given  body  eom]>letely  remove*!  fmm  exterior  inHneui^iH,  the 
electric  molw^nles,  left  to  themselves,  would  evidently  seek 
some  order  in  which  they  would  not  further  tend  Ut  change— 
this  is  what  is  railed  a  state  of  equilibrium,  and  then  we  have 
to  deal  with  electricity  in  rej)ose,  or  in  (he  xfafir  condition. 

Let  na  next  suppose  that,  by  tlie  action  of  an  exterior 
ojiuse.  this  e<juilibrium  is  destroyed  at  some  jmrticular  point ; 
for  example,  that  the  denaity  of  the  molecules  dinunisheaat 


'  Snnie  |»)iv>>i<'tiiit«  iii«y  think  tliiil.  mir  luiMrrl.ion*  (iverattp  h  litllo  iIjb  liitiiift 
vt  aolnal  oxperimpnt,  oml  thot  we  give  tCMi  r^Htrirted  a  f<iriti  to  i>Jea!s  w'lich  in 
•ctoal  ncitfiico  tittvi!  not  sitcli  vxat^t  prwiisiun  :  fur,  if  lliu  tbt'ory  of  ara^lu-Quiil 
cleclrinic;  h*»  no  oppoDont^  lel>,  the*  identity  of  this  flnkl  vrilli  thp  liiniinil'erdim 
ether  is  not  lortiialiy  estuMltheK!  liy  nnv  clirert  L-xporitnenU;  bnt,  na  soon  as  tlie 
plK'nomcna  of  (Kl^rtricit*  are  ^x|>Uiiivd  by  tl>e  riiiftlvHuid  tb«orv,  llic  |jriui.'i|i1i'K 
of  •cicntiflc  niL-tliui]  fiim-  hh,  if  iiotliin|E  opposw,  to  oonfoNiid  it  witli  the  fluid 
that  iei  tliD  <-aDAi>  nf  Inminous  |i)icuoinena.  In  iibort,  w  have  no  rifElit  to  multi- 
ply hy|iathi'«ca  uritb'iitt  neccfsity. 
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this  ]X)int.  The  effect  is  the  same  na  may  be  produced  in  a 
gas,  such  as  air.  for  example :  the  electric  molecules  of  the 
surroiiniling  space  flow  toward  the  point  of  rarvfaction  to 
re-establish  the  equilibrium ;  there  will  be,  it  may  be  said, 
a  sort  of  electric  wind,  pitivided,  be  it  underst'ooil.  tliat  the 
electric  molecules  cjin  move  in  the  bt>dy  in  which  those  actions 
are  taking  phu^e ;  in  other  woi-ds.  provitled  tht?  bixly  is  a  good 
conduct4)r.  The  same  thing  in  inverse  effwt  will  be  pniduCT?<I 
if  the  eletrtric  density  Iw  augmented  at  any  point :  an  electric 
wind  will  lie  produced  diiiH'ted  away  from  this  overbtirdene<i 
point  towartl  the  ])arts  crmtaining  fewer  mctlKculeH. 

It  is  this  siM-cif's  of  electricul  wind  that  is  called  a  curifmt. 
Electricity  is  no  more  in  the  static  c(inditi(m  ;  it  is  in  motion  ; 
it  in  di^naviic  ele.rtnci(i/y  the  ehMtricity  uf  Volta,  or  of  batfcHr- 
ies,  the  variety  that  furnishes  idmnut  all  the  apj>licjitions  of 
electricity,  and  esjiecially  the  electric  light. 

The  function  of  the  current  is  only  to  re-eslabllsh  the 
overturned  electrical  equilibrium :  it  should  I  hen  disappear  as 
Hoon  lUi  this  e4]uilihrium  is  re-established.  Consequently,  if 
the  cause  which  has  destroyed  the  equilibnum  is  lem|»)rary 
in  it-s  m'tioD,  the  current  will  IhaI  only  a  short  time ;  it  will  be 
a  simple  discharge.  But  it  will  be  altr)gelher  dilTei-eui  if  this 
<-ause  is  ]>ennunenU  ur  at  least  greatly  jjrolonged^if,  for  ex- 
ample, the  exct^ss  of  the  density  of  the  electric  molecules  at 
a  given  point  is  maintained,  in  spite  of  the  escajw  of  this 
excess  to  neighboring  points.  Then  a  continuoits  currenl  is 
formed,  a  true  current,  quite  comparable  to  a  brook,  wldch 
will  have  its  origin  in  a  place  whcr*'  density  is  always  in  ex- 
Cf\SH,  as  we  may  bciMly  siiy,  in  the  elct^tric  spring,  for  thence 
it  is  that  the  current  of  ehn^tric  molecules  sujiports  itself. 

Running  water,  to  ftjrm  a  stream  or  river,  should  connin- 
trate  itself  in  a  bed  wliicU  lixes  il.s  direction  and  miikes  its 
force  seuHible.  It  is  the  »jirae  for  the  electric  current,  winch 
should  follow  a  conductor,  drawn  out  in  form  like  a  wire,  to 
prmluce  visible  effects.  As  ilK  end  and  resuli  is  to  re-eHtabliBh 
the  et[«ilibrium  desti-oyed  tliroughout  the  extent  of  the  con- 
ducting system,  the  two  free  extremities  must  be  united  so  as 
to  form  a  complete  cii-cuit  of  any  fonii — for  it  will  often  I* 
nuule  of  u  |)erfectJy  flexible  wire— but  which  can  be  i-epre- 
senteil  to  our  minds  as  a  circle  to  facilitate  onr  etmception  <»f 
the  phenomenon. 

Here  the  audogy  with  the  stream  would  seem  defective, 
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for  rivers  do  not,  at  llrsl  Hi^ht,  seem  to  form  closed  tiiiruha ; 
they  fall  into  the  seas  or  oeeana,  which  fonn  for  them  indefi- 
nitely large  reservoirs,  i^'everthelesa,  large  as  they  ai*e,  these 
reserroirs  would  be  overflovring  if  the  heat  of  the  stin  did  not 
vaporize  the  water  of  the  sea,  and  pump  ir  up  under  the  form 
of  clouds  which  Jlnally  dissolve  in  rain,  which  rain  nourishes 
the  spiings  of  the  rivers  or  brooks.  It  is  thus  that  the  circuit 
closes,  as  i>erfc<'rly,  it  will  he  seen,  as  in  the  case  of  an  elec- 
tric cun-ent :  and  thus  also  tlie  current  would  cease  if  the  sea 
did  not  vapoiize  so  as  to  keep  a  place  free  for  the  discharge 
of  the  waters  of  the  rivi^rs  ;  for  in  this  case  the  springa  would 
dry  up  for  want  of  min. 

If  the  circuit  is  not  closed — that  Ls  to  say,  if  it  is  incom- 
plete— the  current  ivaching  the  end  most  remote  from  the 
spring  would  find  no  means  of  discharge  ;  it  would  pi-aclically 
be  dammed  up,  and  the  elwtric  molecules  would  accumulate 
at  this  extremity.  The  power  which  they  tend  to  exert  in 
escaping  is  called  their  potential. 

As  often  as  the  equllihnum  of  electric  molecules  is  de- 
stroyed in  a  conducting  bixiy,  or,  to  expiess  it  differently, 
when  a  difference  of  potential  is  established  between  two 
jKiints  of  a  circuit,  an  electric  current  is  nece.Ksarily  produced. 
Whatever  the  foire  may  be  that  tends  to  deatruy  this  etj^uilib- 
rium  is  the  true  cause  of  the  cunenl ;  it  is  called,  iu  a  general 
way,  electro-mott'pe  force,  but  its  particular  nature  may  vary 
greatly. 

The  cuiTeul  has  two  distinct  pi-operties.  quantity  and 
tension — projwrties  which  play  very  different  roU^  in  different 
electrical  apparatus,  and  which  must  be  taken  into  strict  ac- 
count in  oixler  to  understand  the  phenomena  which  accom- 
pany the  pi-oduction  of  the  electric  light. 

The  electric  molecules  which  are  put  into  motion  by  the 
electixi-motive  force  encounter  a  certain  amount  of  resLstauce  ; 
to  overcMHie  it  this  same  electromotive  force  must  expend  a 
certain  pari  of  its  energy  in  driving  these  molecules  a  sufficient 
impulse.  It  is  the  state  in  which  they  tind  themselves  when 
obeying  this  impulse  which  is  called  their  tension. 

It  follows  that  the  quantity  of  molecules  put  in  motion  by 
the  same  electro-motive  force  increases  or  diminishes  inversely 
as  the  resistance  which  oppose-s  their  motion,  or,  what  is  the 
same  thuig,  to  I  he  teiislou  which  they  may  possess. 

The  tinal  result— that  is  to  say,  the  quantity  of  molecules 
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in  movement  witU  a  detennined  tension— is  called  the  intejiSlty 
uf  the  current,  an  intensity  which  Ohm  has  represented  by  the 
relation  betwei^n  the  ol«etrumi>tivi*  force  and  the  resuwtance, 
because,  in  Rffert,  tlio  intensity  of  a  rurrent  does  not  only  de- 
pend on  the  energy  of  the  el ectit emotive  force,  but  it  depends 
niso  on  the  reaiatance  of  the  cin:uit  in  which  this  current  \a 
developed. 

In  all  eases  a  certain  miuinuim  of  tension  is  required  to 
establisli  the  cuiTent.  This  minimum  depends  ii]>on  Hie  ob- 
Htarles  which  the  ciirrtmt  has  to  overcome.  If  tlie  cirt-uit  was 
completely  clnsf'd  and  formed  of  n  sulwfnnre  of  p(^rfpct  con- 
ductivity, f)lTering  no  n-si-stance  to  the  jmissh^f  of  the  electric 
niiiliMrules,  thi'sc  obstacles  would  n)>t  exist,  and  an  inliqitHy 
Hnitill  tension  would  sufHce.  Hut  this  case  Ls  rarely  reidize<l. 
In  fact,  no  sulwtanne  is  a  perftn^t  condu<rt»)r.  Tlie  imperfec- 
tion of  this  conductivity  constitutes  the  rusiKtanff:  to  tlie  pas- 
sive of  the  current,  whidi  tints  is  the  inverse  of  the  wmduc- 
tivily.  It  may  lie  compared  to  the  frii-tinn  which  the  stnyim, 
or  any  liquid  lUnviu;;  in  a  tulw'  or  uqiieduct,  encounters. 
This  resistance  iliminishes  the  living  force  of  the  cunvnt,  as 
the  friction  diminishes  the  force  of  tlie  water;  but  just  us 
tlien?  art*  sui-fai^s  more  or  less  favtmible  to  the  flowing  of 
wftter,  there  are  materials  mf)re  resisting  tlmn  others  to  the 
I>ass)ige  of  eleiitrical  molecules. 

To  conceive  of  the  production  of  heat  and  light  by  the 
Ijassage  of  electri<r  cuiTents  in  conducting  bodies,  it  is  necen- 
sary  to  remember  that  all  bodies  of  this  nature  are  composed 
of  nmlecules  animat<'d  by  a  continual  motion  of  vibration  ; 
that  their  tempemtui-e  increast^s  or  decreases  in  inverse  ratio 
with  the  amplitude  and  duration  of  these  vibrations;  tinnlly, 
that  tliese  vibrations  of  tlie  molecules  of  matter  are  repro- 
duced by  those  of  the  ether  whi<!h  surrounds  them,  and  by 
whose  agency  they  pmduce  their  effects  upon  us. 

The  molecules  which  we  call  electric  molecules  are  no 
other  than  the  molecules  of  ether,  impressed  with  a  particular 
movement,  and  moving  through  bodies  whose  molecules  bear 
such  a  rehilion  to  them  that  the  first  set  of  molecules  pass 
between  the  second  set  without  much  loss  of  their  own  move- 
ment. 

Electric  conductirity,  calorific  conductivity,  and  trans- 
I>arency,  are  states  of  matter  corresponding  to  those  move- 
ments uf  ether  which  we  call  electricity,  heat,  and  light. 
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If  two  conductors  made  of  the  aame  material  be  compared, 
we  should  naturally  expeot  the  electric  muleculea  to  move 
easier  in  tlte  larger,  just  as  water  would  run  easier  in  a  tube 
of  large  than  in  one  of  small  caliber.  Resistance  then  dimin* 
ishes  as  the  conductor  is  enlarged,  and  Ohm  has  shown  that 
it  is  invei-sely  propoxtional  to  the  cross-section  of  the  con- 
ductor—that is  to  say,  to  the  surface  of  the  cut  obtained  in 
dividing  it  pjerpendicularly  to  its  length.  Following  this 
out,  if  the  conductor  diminishes  the  resistance  increases,  tlie 
molecules  squeeze  closer,  as  it  were,  so  as  to  pass  without 
retarding  theu-  c<)ropanions ;  as  they  pass  rhrough  it  they  nib 
against  the  molecules  of  the  conductor,  whose  vibrations  thus 
become  more  rapid  ;  the  metallic  wire  gets  hot,  which  further 
dimiuishea  its  conductivity  ;  and,  linally,  it  becomes  red-hot. 
If  the  cui^-ent  is  intense  and  the  re^iatance  considerable,  the 
tconperature  rapidly  rises,  and  the  conductor  becomes  incan- 
descent.   Here  we  have  reached  the  electric  light. 

Then,  if  the  current  of  electricity  meets  no  resistance,  it 
passes  through  the  molecules  of  the  conductor  without  dis- 
turbing them,  or  the  disturbance  is  ao  slight  that  the  heat 
resulting  is  quite  balanced  by  the  cooling  due  Ut  nidiation; 
bnt,  if  at  any  point  of  the  circuit  any  particular  object  pi-e- 
senta  iteelf  which  prevents  the  current  from  going  freely  on 
its  way,  since  it  is  necessary  that  the  same  number  of  mole- 
cules traverse  in  the  same  time  all  points  of  the  circuit,  a  dis- 
turbance is  produced  at  the  point  when.*  the  obstacle  exists: 
the  electric  moleculoa  yield  up  a  part  of  their  electric  force 
to  the  motecules  of  the  conductor,  and  it  is  the  augmentation 
of  movement  imprasaed  on  these  last  which  creates  the  lieat, 
and  in  (consequence  the  light. 

This  particular  obstacle  can  be  creat^Ml  in  several  ways,  to 
each  of  which  one  variety  of  the  electric  light  corresiionds. 

It  may  happen  that  the  circuit,  properly  so  calletl.  may 
Ijo  iaterru])ted,  so  that  the  current  has  to  pass  through  the 
air  by  an  intermediary  gaseous  ocmdni^tor;  there  is  then  pro- 
duced between  the  two  ends  of  the  cut  circuit,  or  poles,  a 
jet  of  electrical  molecules  which  is  called  the  ■noltalc  arc.  It 
was  the  first  knowoi  of  the  diflferent  electric  lights,  for  Sir  Hum- 
phry Davy  proflnced  it  before  I8I!t.  To  possess  the  great 
brilliancy  which  characterizes  it,  the  voltaic  arc  should  con- 
tain a  large  number  of  material  particles  very  ftnely  divided 
and  brought  to  a  white  heat.    These  particles  are  torn  oif  and 
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of  the  electric  current  destroys  quite  rapidly  tlie  extremity 
of  the  electrodes  of  cairbon,  sci  that,  if  the  eleetnides  are  uot 
broiijrht  tiij^ether  inexact  proimrtion  to  tbis  destructitm,  the 
curi-enl  will  hoou  cease  to  pasH,  and  the  li^f^hl  will  lie  extiu- 
guisheil.  To  efftict  tliis  approach  with  reji:uhLrity,  n.'^u!atora 
must  be  employed,  and  it  ts  the  i>erfeotiug  of  them  ibat  has 
been  the  greitt  pi-oblem  of  this  kind  of  electric  lighting.  It 
may.  therefore,  l>e  properly  termed  the  "  i*egulator  system." 

Instead  of  placing  the  two  electrodes  of  carbon  one  above 
the  other,  which  necessitates  the  employment  of  a  re;^ulator 
to  bring  them  together,  they  may  lie  |)Iaced  side  by  side,  sep- 
arated by  a  solid  insulating  substance  which  will  volatilize 
at  the  same  rate  as  that  at  which  the  carbons  are  consumed 
under  the  action  of  the  voltaic  are.  This  is  the  candle  sys- 
tem, fn>ra  the  name  given  by  M.  Jablnchkoff  fo  these  new 
apparatus  because  of  the  resemldance  between  the  method  of 
asing  them  and  the  eonsuniplion  of  a  candle. 

We  have  said  that  the  voltaic  arc  was  prodnce<l  wh«'n  the 
circuit  traversed  by  the  electiic  current  was  interrupted  ;  this 
ruptuix'  of  the  circuit  should  not  l»e  done  too  rapidly,  or  it 
will  only  produce  a  spark,  a  species  of  ilash  very  bright  and 
very  rapid.  The  two  poles  should  separate  so  slowly  that 
heating  will  take  place,  and  that  a  sort  of  chain  of  movingj 
material  particles  will  Iw  formed,  torn  fi-om  the  positive  and 
transported  to  the  negative  pole.  The  two  poles  reach  thus 
aa  enormous  temperature,  nearly  4,0^)0"  at  the  positive  and 
3,000"  at  the  negative  pole,  the  latter  only  being  heated  by  a 
secondary  cause,  which  we  shall  examine. 

The  tnie  sources  of  luminous  i-adiation  are  the  carbon- 
points,  and,  above  all,  the  points  where  the  passage  of  the 
electrical  molecules  are  concentrated;  as  for  the  arc  itself, 
notwithstanding  its  high  temperatnre,  about  4,800°,  it  give3 
but  liltle  light,  and  the  light  which  it  gives  is  of  a  Wolet-blne. 
It  is  this  that  gives  to  electric  lighting  its  disagreeable  i-eflec- 
tious  which  have  been  so  much  criticised,  and  which  are  re- 
duced as  much  aa  possible  by  diminishing  its  length,  that  ia 
to  say,  by  sepaniting  the  carbons  only  the  distance  that  is 
indisiMmsable,  and  which  is  nataraljy  in  proportion  to  the 
intensity  of  the  current. 

We  have  said  that  the  current  which  s]>ringa  from  the 
positive  pole  to  the  negative  one  tears  off  and  di-aws  with  it 
material  molecules  in  the  state  of  incandescence.    These  mole- 
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ciiles,  pwjectod  iijsain.st  the  other  pole,  heat  it  douhly  by  the 
heat  whifli  they  lioar  witli  them  and  by  the  shock  whicli  re- 
sults from  their  reltwity  ;  but  this  species  of  bombardment  of 
one  pole  by  another  represents  a  mechanical  action,  and  cre- 
ates in  consequence  an  electro-motive  force.  Tlie  enormous 
diffei-ence  of  temperature  of  the  two  poles  pruducen  another 
electro-motive  force,  and  both  working  together  give  rise  to 
a  counter-ciirrent,  which  in  its  turn  seizes  and  transports  jmr- 
ticles  of  the  negative  to  the  positive  jwle.  This  reactionary 
force  is  of  considerable  importance,  because  in  the  are  pro- 
duced l»y  a  battery  of  forty  Bunsen  cells  it  has  lieen  founil 
etpial  to  twelve  cells  (Ijatschinbff) ;  with  another  battery  of 
twenty-six  Bunsen  cells  it  has  been  found  equal  (o  nearly  fen 
oelLs  (EdlumU ;  iinally,  M.  L-.toux  has  lu'en  able  to  pitjve  its 
existence,  and  to  mejisure  it  two  tenths  of  u  secontl  after  the 
rupture  of  the  current.  The  tot^i!  resistance  of  a  voltaic  arc 
is  thus  conipased — first,  of  the  resistance,  pmi)erly  so  calle<l, 
ol  the  arc;  and,  secondly,  of  that  which  is  created  by  (lie 
electrft-molive  for-ce  of  the  reaction. 

It  will  l>e  understood,  from  what  precedes,  that  the  posi- 
tive carbon  should  be  the  brightest,  because  the  light  emitted 
by  an  incandescent  body  rapidly  increnses  with  its  tempera- 
lure.  Besides,  the  consun»]ition  of  the  two  poles  Is  very  un- 
equal, and,  wlien  they  both  have  the  same  section,  the  poHilive 
is  consumed  twice  as  fast  as  the  other.  Finally,  numerous 
experiments  have  shown  that  the  i-esistance  of  the  arc  Is  less 
when  the  jtosiiive  pole  is  the  u]»pennost ;  it  is  also  more  lu- 
minouB,  and  M.  Niaudet  has  found,  for  the  same  cuiTent,  a 
lununous  intensity  of  two  hundred  and  aeventy-eiglu  Carrel 
burners  with  tlie  positive  carbon  upi>ennos(.  and  two  liundred 
and  seventeen  only  with  tlie  positive  below.  Small  as  the 
raa.ss  of  the  particles  transported  may  he,  does  IE  not  seem 
that  their  weight  plays  a  part  in  rhis  difference  1 

When  (he  aif  is  produced  by  alternately  reversed  cnirents, 
the  consumption  is  etpial  if  the  carbons  are  horizonial :  if 
they  are  vertical,  the  up]>er  carbon  is  used  up  a  little  the 
quicker,  in  the  ratio  of  one  hundred  and  eight  to  one  hun- 
dred. The  current  of  warm  air  which  surrwinds  it  raises  its 
temperature,  and  prnliably  the  force  of  gravity  assists  tlic 
separation  and  (all  of  a  greater  number  of  particles. 

The  resistance  of  the  arc  diminishes  as  its  length  dimin- 
ishes ;  but  at  thp  same  time  the  temperature  is  lowered,  and 
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the  light  diminishes,  so  that,  t»  ktiep  it  up  sufficiently,  more 
electiicul  molecules  must  i)e  pasued  thn)Ui;h  the  jiolur  car- 
bons, or  else  the  section  of  the  carbons  must  be  consid- 
erably reduced,  which  are  then  more  rapidly  consumed; 
besides,  the  heat  spread  over  a  great  len^h  will  not  give 
enough  light. 

By  augmenting  the  dimensions  of  the  negative  carbon,  its 
consumption  is  retarded  ;  by  reducing  the  section  of  the 
positive  carbon,  and  by  restricting,  Viy  the  aid  of  a  properly 
adjusted  contact,  the  length  of  the  incandescent  portion,  the 
heating  is  concentrated  in  this  part,  and  enough  light  is  pro- 
duced, the  more  so  as  the  solution  of  continuity  which  always 
exists  at  the  point  of  contact  of  the  two  carbons  greatly  in- 
creases the  ]*esisranre.  It  follows  tliat  the  little  rod  of  posi- 
tive carbon  exhausts  itself  at  the  end  whii-h  rests  upon  the 
other  carl>on,  and  that  it  suffices  to  make  it  advance  so  as  to 
keep  np  the  contact  and  obtain  a  luminous  foeus,  less  intense, 
it  is  true,  but  milder  and  more  agreeable  Than  the  voltaic  arc 
because  of  its  fixity  and  its  regtilarity.  This  is  what  is  meant 
by  incandescence  in  the  open  air. 

Another  mode  of  using  the  voltaic  arc  consists  in  inter- 
posing in  its  passage  a  blwk  of  refractory  material  which 
l>ecomes  the  tnie  source  of  light,  on  account  of  the  enormous 
temi>erattire  which  it  may  attain.  "With  this  an-angement, 
it  is  especially  the  heat  of  the  arc  which  is  utilized,  and  the 
polar  carbons  only  serve  to  produce  it.  The  yellow  color- 
ation of  the  light  thus  obtained  resembles  to  a  considerable 
extent  that  which  the  rays  of  the  snn  give  ns,  whence  the 
name  of  solar  lamp  given  to  the  apparatus  serving  for  its 
production. 

Finally,  the  obstacle  opposed  to  the  pas.snge  of  the  current 
can  consist  simply  in  a  su<lden  diminuti'in  of  the  conductivity 
of  the  circuit,  and  the  best  mode  of  obtaining  this  sudden 
diminution,  is  to  diminish  the  conductor.  This  dinuniKhed 
part  should  be  formed  of  an  infusible  substanre  of  high  re- 
sistance, such  as  a  fine  thread  of  platinum  or  a  very  (hin 
filament  of  carbon.  This  thread  becomes  Incandescent  on 
account  of  the  frietion  of  the  electric  molecules  as  we  have 
described  nbove,  nud,  if  enif^  be  taken  to  inclose  it  in  a  globe 
of  glass  comphitely  exlinusted  of  air,  it  does  not  burn,  and 
lasts  a  veiy  long  time.  Tt  is  the  system  of  incandescent  light- 
ing which  was  tlie  great  sensation  of  the  Kxliibilion  of  Elec- 
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tricity  at  Paris — tlie  systems  of  Edifton^  of  Maxim,  of  Swan, 
and  of  Lane-Fox. 

These  diflferent  systems  exnct  different  cnnditinns,  nnd  are 
not  all  adapted  to  the  same  ueeds,  as  we  shall  see  further  un. 


CHAPTER  H. 


BLKCTHIOAL   UNITS. 

[Befork  proceeding  to  a  description  of  the  lamps  in  wtiich 
the  cnrrent  is  utilized,  and  to  the  generators  hy  which  it  ia 
produced,  it  will  be  desimMe  to  consider  the  relatitins  of  the 
electricul  elements  with  which  we  have  to  deal,  the  unit^tof 
measurement,  and  the  relations  these  bear  to  the  mechanical 
ones  of  force  and  work. 

Whenever  a  bwly  is  moved  against  any  force  opposing  its 
motion,  icork  is  done,  and  its  amount  will  depend  upon  the 
intensity  of  the  force  and  the  distance  tlirongh  which  it  is 
overcome.  Thus,  if  we  lift  a  pound-weight  up  against  the 
force  of  gravity,  we  perform  a  certain  amount  of  worlt.  If 
we  niise  two  pounds  tlio  same  distance,  or  the  one  pound  to 
double  the  height,  we  shall  evidently  do  twice  as  much  work. 
Similarly,  work  will  be  done  in  overcoming  any  other  force 
than  gravity,  such  as  the  molecular  furcea  of  chemical  attrac- 
tion, in  separating  the  constituent  elements  of  a  compoimd,  or 
magnetic  force,  in  drawing  n  piece  of  iron  and  a  magnet  asun- 
der, or  in  rotating  a  closed  coil  of  wire  in  front  of  the  poles 
of  a  magnet,  and  the  amount  of  this  work  will  always  be  ex- 
pressed by  the  prod  uct  of  the  force  by  the  distance  through 
which  it  is  overcome. 

A  body  is  said  to  possess  energy  when  it  is  capable  of 
doing  work,  either  in  consequence  of  the  motion  with  which 
it  is  endowed  or  of  its  position.  If  we  fire  a  ball  upward  from 
a  ritle,  it  possesses  the  power  of  doing  work  on  account  of  its 
motion.  It  is  then  said  to  p<tsses3  moving  or  kinetic  energy. 
As  it  rises  against  the  pull  of  gravity,  its  velocity,  and  conse- 
quently its  moving  energy,  constantly  grows  less,  until  at  the 
top  of  its  flight  it  has  wholly  disappeared.  The  enei^  of  the 
ball  has  not,  however,  been  lost,  but  simply  transformed.    The 
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ball  now  has  energy  due  to  its  position,  and  in  fallinj^  to  the 
earth  again  it  cau  do  the  same  amount  of  wurk  us  that  dime  in 
projecting  it  upward.  As  long  as  the  ball  is  supiK>rted  in  its 
elevated  position,  it  evidently  retains  this  power  of  doing 
work.  Its  energy  is  potential,  and  may  be  called  ujHm  to 
perfoiTH  work  whenever  desii-ed.  The  sepamted  elements  of 
a  chemical  compound  just  as  truly  jiossess  enei-gy  of  positinn 
as  an  elevated  body.  Allow  them  to  unite,  and  their  potential 
enei-py  will  pass  into  kiuetie,  and  the  work  of  se}>anili<>n  be 
returaed  in  tlintof  chemical  combination.  If  we  cimsider  the 
pn^ject^d  ball  at  any  point  of  itii  jwHSjige  upwanl,  we  shall  see 
that  what  it  has  lost  in  kineti{'  energy  it  lias  gained  in  poten- 
tial energy,  and  that  the  sum  of  these  two  is  throughrmt  i!« 
whole  flight  constant.  Considering  the  universe  as  a  whole, 
we  shall  tind  a  like  condition  of  things.  Amid  all  the  niulti- 
farious  changes  (tf  thematerinl  universe,  the  sum  of  the  energy 
due  to  position  and  of  that  due  to  motion  rtsmains  the  siime. 
It  Is  this  fact  which  is  exiiressed  by  tlie  gi-eat  generalization 
of  theconsen'ation  of  energj'. 

Work  isi,  therefore,  the  measure  of  the  expenditure  of 
energy— that  is,  the  fransfomiation  of  energy  from  one  form 
to  another.  Conversely,  no  such  trjinsformation  of  energy  can 
ever  take  place  without  tlie  performance  of  work.  The  alwo- 
lute  measure  of  a  force  is  the  velocity  it  can  impart  to  a  given 
mass  of  matter  in  a  given  time,  but  for  most  purposes  it  is 
convenient  to  determine  a  force  by  comparing  it  with  gi-avity. 
As  the  weight  of  a  body  measures  the  intensity  of  this  force 
at  any  given  place,  the  magniliide  of  any  foive  can  therefore 
be  ex^jressed  simply  by  a  weight,  and  the  amount  of  work  by 
the  product  of  a  weight  by  a  distance. 

Work  and  power  are  not  infrequently  nsed  as  equivalent 
terms,  though  there  is  an  important  difference  U'twtH-n  them. 
Work  has  reference  solely  to  the  amount  of  effort  necessary 
to  accomplish  a  given  i-esult,  ami  is  indejwndeut  of  time.  The 
same  amount  of  w<)rkis  done  in  lifting  a  pound  one  foot  high, 
whether  this  be  perfonned  in  a  second  or  a  year.  Power,  on 
the  other  hand,  expresses  the  rate  of  doing  work,  and  is  eri- 
dently  greater,  the  shorter  the  time  in  which  a  given  amount 
of  work  is  performed. 

We  have  seen  in  the  preceding  chapter  that,  whenever  we 
connect  two  jxiints  which  are  at  different  potentials  by  a  con- 
ductor, a  current  of  electricity  will  flow  from  the  point  of 
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higher  to  the  one  of  lower  potentiaL  A  <lif!erence  of  poten- 
tial is  analogous  to  a  difference  of  level  of  water,  and  just  as 
work  miiHl  be  done  in  raising  water  frfmi  the  lower  to  the 
hipher  luvel,  mi  w<irk  must  be  done  in  raising  electricity  from 
the  lower  to  the  hij^her  electrical  leveL  The  water,  in  fallingf 
is  able  to  perform  the  work  done  in  lifting  it ;  aud  the  elec- 
tricity, that  done  in  raising  it  to  the  higher  iH)teuti:U.  The 
amount  of  this  work  is  in  each  case  the  quantity  multiplied 
l)y  the  height  from  which  it  fell.  In  the  case  of  electricity, 
the  dilference  of  electrical  level  is  expressed  in  terms  <»f  the 
foire  or  pressure  due  to  it.  This  foitie  is  termed  eIecti*o- 
motive  foi-ce.*  The  work  done,  then,  Ipy  any  given  quantity 
of  electricity,  Q,  fulling  through  a  difference  of  pot^utiul.  K, 
is  K  Q.  As  the  strength  or  intensity  of  the  cuixeut  expresses 
the  rate  at  which  electricity  moves  thixHigh  a  circuit— the 
number  of  units  of  electricity  that  iiass  a  given  iiolnt  in  a 
given  time — the  product  of  the  Htrength  of  the  current  by 
the  electi-o-motive  force  will  evidently  expi-esa  the  late  of  the 
I)erformance  of  work — that  is,  the  jjower. 

The  intensity  of  the  current  in  any  electrical  circuit  will 
not  depfund  solely  upon  the  electro-motive  force  impelling  it, 
but  will  also  de|5end  upon  the  resistance  offered  to  its  jins- 
sage.  There  are,  thei-efore,  in  any  electrical  ciiruit,  tliree 
elements  to  be  token  into  consideration — the  intensity  of 
the  current,  the  electro-motive  force,  and  the  resistiince — 
the  relation  of  which  to  each  other  is  a  very  simjde  one, 
which  is  ex|iressed  by  a  fonnula  known  as  Ohm*a  law.  De- 
noting the  intensity  of  the  cnn^nt  by  C,  the  electro-mo tive 
force  by  E,  and  the  resistance  by  R,  this  formula  is — 


This  fonnula  shows  as  that  the  strength  of  the  current  that 
will  fluw  through  any  ciniuit  will  bo  (iirertly  in  ])njj)ortion  to 
the  electro- motive  fonre,  and  inverwdy  as  the  nwistance  of  the 
circuit.  In  apjilying  the  formula  in  any  particular  case,  it 
must  be  borne  in  mind  that  the  ele<:tro-raotive  force  and  resist- 
ance refer  to  the  same  circuit,  or  to  the  same  jKirt  of  it — that 
is.  that  K  represents  the  resistance  of  the  same  part  of  the 
circuit  of  which  E  represents  the  difference  of  potentiid. 

*Thd  Icnii  fleflrie^it  prtMur^  i*  eomitiff  into  use  ax  a  salialitute  for  ttiU.  It 
bis  tho  fcretil.  lulvaiilngo  uf  vX|ir««(lD({  lliU  cloctrlcttl  CDiicc[itiuii  in  t«rt»«  of  sa 
alreadv  familiur  oav. 
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Mbchanigal  Units. 

To  compare  different  quantities  it  is  evident  that  we  must 
have  a  unit  in  terms  of  which  they  can  be  expresse^l.  The 
fundamt^ntal  units  upon  which  all  others  may  be  made  to  de- 
pend are  those  of  mnss.  length,  and  time.  Until  recently  there 
have  been  no  tinits  of  the-se  quantities  universally  agreed 
upon.  In  England  and  the  United  States  the  unit  of  weight 
most  generally  employed  is  the  pound,  that  of  length  the 
foot,  iind  that  of  time  the  second  or  the  minute  ;  while  in 
Prance  the  first  of  these  U  the  kilogramme  (2*2  pounds),  and 
the  second  the  metre  (39'37  inches).  In  the  former  countries  the 
unit  of  work  most  comraouly  employed  is  the  work  requii-ed 
to  raise  one  pound  one  foot,  teimed  the  foot-pound,  and  that 
of  power,  the  horse-power,  equivalent  to  Ci50  foot-pounds  per 
second,  or  33,iX>i>  foot-pounds  a  minute.  In  France  the  unit 
of  work  is  the  kilogrammeti'e,  and  that  of  horse-power  {force 
de  cTieval)  75  kilogrammetres  ptfr  second,  equal  to  542i  in- 
stead of  550  foot-pounds  per  second. 

The  need  of  a  uniform  system  of  units  had  hmg  Iwen  felt, 
and  such  a  system  was  linally  adopted  by  the  International 
Cnngress  of  Physicists  at  Paris,  in  1881.  This  system  is 
known  as  the  centimetre-grarame-seconJ,  or,  more  briefly,  as 
the  C.  G.  S.  system,  so  named  from  the  units  of  length,  mass, 
and  time. 

In  it  the  unit  of  force,  termed  the  dyney  is  that  force 
whicli,  acting  upon  a  mass  of  one  gramme  for  one  second,  is 
ahle  to  give  it.  a  velocity  of  one  eentiineti-e  per  second.  This 
unit,  it  will  be  observed,  is  independent  of  the  varj-ing  force 
of  gravity,  but  it  can  readily  be  expressed  in  it  by  taking  ac- 
count of  the  amount  of  this  foire  at  any  given  place.  The 
value  of  gravity  usually  adopted  is  that  at  Paris,  which  is 
able  to  impjirt  to  one  gramme  a  velority  of  981  tNmrimetres  per 
second,  so  that  a  gramme  is  equal  to  il81  dynes,  and  a  djTie  to 
tjJt  •*'  ^  gramme.  From  what  Iins  already  been  said  it  will 
l»e  readily  undei-stood  that  the  unit  of  work  i.s  tin?  dyne-centi- 
metre^tliat  is,  the  product  ttf  the  dyne  by  a  centimet^t^  It 
is  termed  the  erg.  Since  a  kilogramme  is  equal  to  IjtMiO 
graiumes,  IhiH  latter  to  981  dynes,  and  a  metre  to  lOOrenti- 
metres,  the  kihignimmetr^"  is  evidently  efpial  to  (981  X  1000  X 
100)  yt*,l(i0,00O  ergs.  The  foot-iiound  is  in  like  manner  con- 
verted into  er:gs  by  multiplying  the  product  of  the  equivalent 
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of  the  pound  in  grammes  (453'6)  hy  the  equivalent  of  the 
foot  in  centimetres  (30-48),  and  this  by  the  numlwr  <>f  dynes 
(961)  in  a  grainme.  It  is,  therefore,  equal  to  (453-6  x  30*48 
XiWl)  X3,5(i3,000  ergs.  The  French  horde-power,  equivalent 
to  542i  foot-XKJunds,  or  16  kilogramme tres,  l>ecomes  iu  the 
new  nnit  of  work  equal  to  7.357,5«)0,O(X),  and  the  English 
horse-power,  equivalent  to  550  foot-pounds,  or  70  kilo- 
grammetres,  equal  to  7,40(),i.Kx.t,0<H»  ei^  per  second.  These 
are  usually  written  735-75  X  10\  and  740  x  10'. 


To 


the 


Heat  Units. 


of  a  body- 


that  of  a  pound 


temperature 

of  water  one  degree  Pahivnheit^ — evidently  requires  the  ex- 
penditure of  energy.  The  amount  of  heat  requisite  gives  us 
a  unit  by  means  of  which  we  can  comi>are  the  heat  exi>ended 
in  any  other  case,  but  does  not  give  us  a  basis  for  coini>aring 
the  expenditure  of  enei-gy  in  the  form  of  heat  with  that  in 
otlier  foiTiiH.  To  bo  able  to  do  thiw  we  must  know  tbe  relation 
existing  between  hejit  and  mech:inical  energy,  fo  that  the 
former  ran  Iw  expt-essed  in  terms  of  work.  Tliis  relation  was 
eatablished  some  forty  years  ago  by  the  hibors  of  the  Uennan 
physician,  Mayer,  ami  tlio  English  physiciat,  Joule.  By  a 
series  of  careful  experimcntfl.  Joule  showed  that  the  amount 
of  heat  necessary  to  luise  a  pound  of  distilled  water  one  de- 
gree of  the  Fahrenheit  scale,  wonlil  bii  sufficient,  if  converted 
into  meclianiral  enei^y,  to  raise  a.  weight  of  772  jionnds  one 
foi>t  high.  The  niiTuberex])ressinp  the  relation  iM^fween  heat 
and  work  is  termed  the  nieclmnical  equivalent  of  heat,  and 
is  freqiieully  sjjokeu  of  as  Joule's  equivalent.  Evidently  its 
value  will  vary  with  the  units  of  work  luid  temiwmlure 
adopted.  Wlien  the  degree  is  Ihnt  of  the  centignule  scale 
({  that  of  the  Falirenheit^,  this  equivalent  becomes  e^ual  to 
l,3Ul)  foot-pounds;  and,  when  the  unit  of  work  is  the  kilo- 
grammetrej  and  of  lemitei-ature  the  centigrade  degree,  It 
becomes  4'2A  kilogranmieires. 

In  the  English-speaking  world  the  heat  unit  has  usually 
been  the  jjound- degree,  the  latter  being  measured  on  the 
Fahrenheit  scale ;  while  in  Fnince  the  kilogramme -degree, 
the  latter  reckoned  on  the  centignide  scale,  was  common. 

The  gmmme  as  the  unit  of  weight  and  the  centigrade  de- 
gree lus  the  unit  of  temperature  have  for  a  considerable  time 
*"  countri&s  in  scientitic  work.    Their  use  was 
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ratified  by  the  Paris  Ccnf^wss,  and  the  heat  unit  of  the  C.G.S. 
system  is  thtTeCtire  the  gramme-degree.  It  is  termed  ihe 
caloric,  and  ita  mechanical  equivalent  is  equal  to  42.U(.hj,000 
ergs,  uTltten  4-2  x  10'. 

Electrical  Units. 

Electrioitj-  can  l>e  meafiiired  in  two  different  ways,  corre- 
sponding to  the  two  different  classes  of  electricn]  phenomenaj 
with  wliich  we  are  acquainted — those  of  statical  and  those 
of  current  electricity.    The  pwidiest  way  of  measuring  the 
strength  of  an  electric  current  is  by  its  magnetic  effects,  and 
the  electric  quantities  In  dynamical,  or  current,  electricity  are, 
therefore,  measured  electi-o-magnetically.    It  is  this  system 
which  alone  concerns  us  here,  but,  for  tlie  sake  of  clearness,, 
it  will  he  desirable  to  give  a  brief  outline  of  the  electro-statio ' 
system  of  measnremenr. 

Aa  is  wr-Il  known,  a  body  chargi:'d  with  electricity  will 
attract  another  I>o<ly  with  an  unlike,  and  repel  one  with  a 
like,  charge.  The  amount  of  this  attractive  or  repulsive  force 
will  depend  upon  Ihe  amount  of  the  charge  and  the  distance 
of  the  bodies  asunder.  A  unit  of  statical  electricity  can, 
tliei-efoiv,  be  very  readily  dehned  with  reference  to  these  con- 
ditions. It  is  that  quantity  of  electricity  which  n'i)els  a 
similar  and  equal  quantity,  at  a  unit  dislajice  (one  centimetre), 
with  a  force  of  one  dyne. 

The  diffen'iicu  »if  potential  between  any  twd  points  is 
nieasiuv<i  by  the  work  which  must  be  done  tu  move  a  quan- 
tity of  electricity  from  the  lower  to  the  higher.  A  unit  dif- 
ference uf  pdtential  is,  therefore,  that  difference  of  potential 
which  must  exiist  between  two  points  in  oiiler  that  a  unit  of 
work  will  l>e  done  in  conveying  a  unit  of  positive  electricity 
from  the  lower  to  the  higher.  A  unit  «tf  work  will,  of  coui-se, 
be  performed  by  a  unit  of  electricity  in  falling  through  this 
unit  difference  of  potential, 

A  unit  ciuTcnt  in  tliiw  measure  is  one  which  conveys  an 
electro- static  unit  of  quantity  per  sec<»nd,  and  a  circuit  of 
unit  resistance  is  one  in  which  the  number  of  units  of  qnnn- 
tit>"  which  jMiss  in  a  second  is  equal  tn  the  nunilier  of  nnits  of 
difference  of  potential  between  it.s  ends— that  is,  in  the  equa- 
ls 
tion  R  =  77,  where  R  =  the  resistance,  E  the  difference  of  po- 

V 

tential,  and  C  the  strength  of  current,  R  Ls  unity  when  E  =  C. 
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In  the  electro- magnetic  system  of  measurement  the  units 
of  these  different  qmintities  bear  the  same  relation  to  each 
otht-r— that  is,  the  unit  current  will  tlow  tluxjiigh  u  circuit 
having  a  unit  dilTei-ence  of  potential  between  its  ends,  when 
it  lias  a  unit  resistance,  and  the  unit  quantity  is  the  amount 
of  electricity  conveyed  in  a  second  by  a  unit  current,  but  they 
liave  diffei-ent  absolute  values. 

In  adopting  units  of  cun-ent  strength  and  quantity,  we 
may  determine  either  unit  by  reference  to  some  particular 
Btuudai'd,  and  tben  express  the  other  in  terms  of  this ;  just  as^ 
in  the  case  of  a  current  of  water,  we  may  take  the  unit  of 
quantity  to  be  a  gallon,  and  (hen  define  a  unit  current  as  one 
which  conveys  a  gallon  a  secuiul ;  or  we  may  ado^jt  some  given 
cun-ent  as  the  unit  of  current,  and  then  define  the  unit  of 
quantity  as  tile  quantity  delivered  by  this  current  per  sec- 
ond. The  tii-sr  of  these  methods  is  followed  in  electro-static 
measurement,  where  the  unit  quantity  is  determined  by  refer- 
ence to  its  eflfirot  ujnm  a  like  quantity  ;  the  senmd  is  adopt^nl 
in  elertro-magnetif;  meaHurements,  In  tliis  system  tlio  wtrengtli 
of  the  current  is  defined  with  reffrenre  to  its  effnct  upon  a 
magnet-pole  in  its  vicinity.  This  effect  will  rlepend  upon  the 
strength  of  the  magnet-polo,  of  the  ruri-cnt,  the  len.irlh  of  tlie 
circuit,  and  the  distance  of  the  circuit  from  the  pole.  Evi- 
dently, to  get  an  expression  for  a  unit  strength  of  current, 
each  of  thi'se  qunntities  must  bp  unity.  The  unit  of  cun-ent- 
strength,  thcnifore,  becomes  that  current  every  centimetre  of 
whose  length  uet.s  with  a  foirc  of  tme  dyne  upon  a  unit 
magnet-pole  at  a  distanco  <if  one  eentimetre  (a  unit  magnet- 
pole  is  one  which  will  reiM'l  an  f^ual  like  ixdn  with  a  force  of 
one  djTie  at  a  disfnnce  of  a  npntimetre).  This  condition  is 
realizetl  when  Mir  wire  conveying  the  cuiTcnt  is  bent  into  a 
circle  of  one  centimetre  radius,  at  the  center  of  which  is 
plarpd  the  imit  magnet^|ioIe.  Then,  when  a  unit  rurn-nt  flows 
through  the  cir<'uit,  every  eentinutlr*'  of  its  length  will  art 
uptm  the  central  miiguet-jntle  with  a  force  of  one  dyne.  Tlio 
unit  quantity,  as  befon;  stutcd,  is  the  quantity  conveyed  by 
tliis  unit  currt'uf  in  one  second,  and  tin*  unit  eleetro-motive 
force  is  in  this  case,  an  in  that  of  electiti-statio  measure,  de- 
termined by  the  condititm  that  it  nwpiires  the  expendilur*'  of 
one  erg  of  work,  to  raise  a  unit  of  quantity  through  a  unit  of 
potentiiil.  As,  however,  the  elect ro-magnetlo  unit  of  quan- 
tity is  much  larger  than  the  electro'Statio,  the  electro- magnetlo 
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unit  of  potential  is  correspcmdingly  smaller.  The  electro- 
magnetic unit  of  resistance  is  (let^nnined  by  the  same  condi- 
tion a»  tliatof  the  electro-alatic  unit.  As  the  unit  quantity 
of  electricity  in  falling  through  a  unit  difference  of  potential 
performs  one  erg  of  work,  it  is  clear  that  a  nnit  electro-ni<»tive 
force  does  a  nnit  of  work  per  second  in  a  circuit  of  unit  reHis^ 
ance. 

One  more  unit  remains  to  be  noticed.  This  is  the  unit  of 
capacity.  Tliis  term  denotes  the  ai>ility  of  a  body  to  ht>ld  a 
chai^  of  electricity,  and  this  capacity  is  measured  by  the 
quantity  of  electricity  at  unit  potential  which  it  can  contain. 
When  this  quantity  is  unity,  the  body  has  unit  cai>aci(y. 

Peactical  Units. 

Most  of  the  above  units  are  too  small  for  use  in  practice. 
Another  system  of  units,  based  ujion  them,  termed  practical 
units,  has  therefore  been  devised.  In  this  system  the  unit  of 
electro-motive  force  is  tenned  thv  volt^  in  honor  of  the  Italian 
physicist.  Voita,  It  is  equal  to  100,(K>0,00(^  wrirti-n  Kt*,  €.  W.  S. 
units.  Th«  unit  of  resistance,  tenned  (he  okm^  is  equal  to 
\(f  C.  Of.  S.  units.  It  is  equal  to  tlie  resistance  of  a  wire  of 
pure  copper  one  millinietn'  in  diameter  and  forty -eight  metres 
long.  The  unit  of  cnnent  adopted  is  the  current  produced 
in  a  circuit  of  one  ohm  n^sistance  by  a  diffen^nce  of  potential 
of  one  rolt^    Ila  value  is  evidently  ^  that  of  tlie  C.  G.  S.  nnit, 

since  C  =  ^^ ,  and  the  practical  units  of  E  and  R  are  E  x  10* 

and  R  X  1(1''.  It  is  writt*'n  10 '.  It  was,  previous  to  the  Paris 
Congress,  denottnl  in  England  iind  this  country  hy  (he  name 
leeder.  A  unit.,  ^,  of  this  wiis  in  ust?  in  fipmiany  under  the 
same  name.  Tlie  cimgre.ss,  therefon!,  in  onler  to  avoid  con- 
fusion, siibslihitetl  for  this  name  that  of  (n/ipert^.  The  unit 
of  quantity,  which  is  the  quaulity  conveyed  by  a  current  of 
one  nmpfire  in  a  second,  is  termed  the  coulomh.  II.m  value  is 
evidently  Va  "f  'he  C.  fr.  S.  unit,  llit-  pniclical  unit  of  work 
is,  theref<»re,  the  volt -coulomb,  and  of  power,  the  vuH:-ann«>re. 
The  former  is  equal  to  llJ*  x  10^'  =  10'  ergs,  and  the  hitter  to 
IC  ergs  per  secoml. 

Since  the  English  horsepower  ia  equal  to  746x10'  ergs 
per  second,  a  volt-ampdre  is  equal  to  ^U  "'  *^  ^^^  *"  Tri  tt 
of  a  force  (le  cheral,  and  the  horsepower  develojied  by  any 
number  of  amperes,  C,  falling  through  a  dlfTepence  of  pnten- 
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tial,  IX  b  therefore  |5  ._  __„ ^.^^ 

measure.  The  eqiuvaJt'nt  of  a  horse-pnwer  in  electrical  meas- 
ure (746  or  TJ575  volt-am pt'n.'s)  is  commonly  spoken  of  as 
an  ''electricjil  horse-power,"  or  a  "  hfirse-power  of  enrrent." 
In  his  presith'iitial  iiddress  in  IS83,  before  the  Kritish  Associa- 
tion, Sir  William  Siempiia  pmposed  thiit  the  pnictical  nnit 
of  power,  the  volt-iiTniHJre,  be  temu'd  thi'  wafl,  in  lionrtr  of 
James  Watt,  and  this  sug^t^stion  has  been  very  gcnenilly 
acted  upon.  He  also  proposed  tlie  name  of  Joule  to  designate 
the  lieat  produced  in  one  sercmd  by  a  current  of  one  am])dre 
in  a  circuit  of  a  resistance  of  an  ohm.  This  unit,  it  will  be 
Iseen,  is  equivalent  to  tlie  Tolt-couhinib,  since  this  latter  is  the 
work  done  in  one  second,  in  a  circuit  of  <ine  ohm  resistance, 
by  a  current  of  one  ampere,  and  the?  whole  of  the  vvttrk  dune 
by  the  current  in  this  caae  is  sjH'nt  in  the  production  of  heat. 
Its  value  is,  therefore.  lO'  t'r^,  and,  sine**  a  hejit  unit  is  ecpiul 
to  4:'S  X  lt»'  ergs,  it  is  equal  t4)  yf^  —  "^  t)^  ^  calorie. 

The  unit  of  capacity  is  termed  tlie/arad,  in  honor  of  Fara- 
.ay.  Since  the  capacity  is  determined  by  dividing  the 
_iiantity  of  the  charge  by  its  potential,  t!us  unit  is  equal  to 

^  =  — r  =  1^1  or  :r^  of  the  C.  G.  S.  unit  of  capacity.    Aa 

this  unit  is  very  large,  the  one-millionth  part  of  it,  the  micro- 
farad, is  commonly  used  in  practice.  It  is  equal  to  10^  farad, 
and  ia-'*C.  G.  S.  units. 

The  followiiig  summary  of  these  units  will  facilitate  refer- 
ence to  them,  and  help  the  comprehension  of  their  relations : 

Unit  of  force  =  dyne. 

Unit  of  work  =  erg.  =  dyne  x  centimetre. 

Unit  of  heat  =  calorie  =  A"i  X  10'  ergs. 

Volt  =  practical  unit  of  electro- motive  force  =  10"  C.  G.  8. 
units. 

Ohm  =  practical  unit  of  resistance  =  lO'  C.G,S.  units. 

Am|)5re  —  practical  unit  of  intensity  of  current  —  10"'  C. 
G.  S.  units. 

Coidomb  =  practical  unit  of  quantity  =  ICH  C.  G.  S.  units. 

Farad  =  practical  unit  of  capiicity  =  lO""  C.  G.  S.  units. 

Joule  =  electrical  unit  of  work  =  volt-coulomb  —  10"  ergs 
=  *24  calorie. 

^Vatt  =  electrical  unit  of  power  =  volt-ampdre  =  -^  horse- 
iwer  =  10'  ergs  per  second. 


u 


TBE  VOLTAIC  A&C 


Eng^Ul  honfr-power  ~  500  foot-pounds  ^  746  X  10^  er^ 
per  seotmd  =  746  watta. 

French  horsB-power  =  542J  fout-poonds  =  736-7B  x  10' 
etgs  per  aecund  =  7^*75  watta.  ] 


CHAPTER  in. 


THE  ASG-LAMP  CA  KBOXS. 

The  first  condition  to  be  fulfilled  in  making  the  voltaic 
arc  a  guM  sourc*?  of  light,  b  to  make  ii  i>lay  between  two 
elet^trodes,  cajMible  of  furnishing  to  tlua  art^  ilie  miniue  in* 
candescent  panicles  which  give  it  its  immense  brilliancy. 
Carlnm  only  seems  adapted  for  this  end,  and  it  was,  iu  fact, 
with  elecintdes  of  carbon  that  Sir  llamphiy  Davy  produced 
the  first  voltaic  arc.  But  there  are  many  kinds  of  carbons, 
and  the  choice  of  this  material  is  not  the  least  difficult  of  the 
questions  that  have  arisen  in  electric  lighting,  l>ecause  the 
two  electrodes  should  combine  qualities  that  are  different  and 
often  even  op|>osite  ones. 

After  liis  famoiis  experiment  in  1813,  Sir  Hnmpliry  Da\y 
employed  pieces  of  wood-chai-coal  qtienched  in  water  or  in 
mercury.  But  these  j>encils  of  soft  carbon  were  too  rapidly 
consumed  to  afford  a  light  of  any  definite  duration,  even  in 
operating  in  a  closed  vessel,  almost  completely  exhausted  by 
the  air-pump,  as  Pavy  attempted  to  do,  in  spite  of  the  incon- 
venience of  this  arrangement.  Carbons  were  elsewhere  sought 
for  that  wonld  be  more  compact  and  consequently  more  du- 
rable, and  which  were  also  capable  of  being  formed  into  pen- 
cils without  brtaking  or  going  into  powder. 

Foucault,  one  of  the  greatest  French  physicists  of  this 
centiirt*.  first  had  the  idea  of  using  the  carlwn  which  is  de- 
posited on  the  sides  of  gas-retorts.  Tlus  carbon,  slowly 
formed.  Is  more  durable  than  all  the  others,  and  bums  much 
more  slowly,  so  rliat  Fouciiiilt  succeeded  in  obtaining  a  voltaic 
arc  of  much  longer  duration. 

But  gas-carbon  was  anything  but  pei^ect,  especially  from 
not  being  homogeneous.  It  was  mixed  with  earthy  substances, 
particularly  silica,  which  niclted  and  often  made  the  carbon 
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sparkle  bytna&lg  minor  variations  in  the  light,  which  ah'eady 
was  too  unsteady.  Sometimes,  t^^o,  the  ((ilicious  matter  vola- 
tilized and  projected  jets  of  vajK)!'  which  were  better  conduct- 
ors of  electricity  than  the  air,  even  when  hot ;  in  this  case  the 
electric  discharge  followed  by  preference  these  vapors,  and 
passed  into  obscurity,  as  no  solid  particles  were  present  to 
produce  incajidescence.     It  was  so  much  loss  of  light. 

There  are,  without  doubt,  in  these  carbonaceous  deposits 
some  parts  more  homogeneous  than  others,  and  to-day  the  lo- 
cality of  thosn  superior  parts  can  be  found  with  greater  cer- 
tainty than  formerly,  and  the  ]*encils  for  electrodes  can  be 
taken  thence.  Hut,  in  spito  of  everything,  it  ia  very  hard  to 
avoid  all  traces  of  silica.  Besides,  it  takes  so  long  to  form 
cnrlmn  in  the  giis-retorts  that  it  would  be  impossible  to  pro- 
cure enougli  from  that  snume  to  f^vo  to  the  voltaic-arc  system 
of  illumination  the  development  that  has  bet^n  anticipated 
for  it. 

An  artificial  cjirhon,  therefore,  must  be  made  to  supple- 
ment the  di^ficient  supply  at  gius-cnrbon.  Bunswn  wn.s  rho 
first  to  mnk(!  it  in  18:^  or  1840,  ulfhoiiKh  for  another  puriHwe. 
He  was  in  search  f>f  a  suitable  material  of  which  to  form  the 
cylinder  of  carbon  tliat  constitutes  an  essential  feature  of  his 
nitric-acid  cell. 

Among  other  frtnls  he  thought  of  agglomerating  with  glue 
drj'  bituminous  cosl  finely  pulverized,  and  of  baking  in  a  fur- 
nace the  blocks  thus  obtained.  But  these  blocks  split.  To 
increase  their  solidity  he  conceived  the  idea  of  immersing  them 
in  a  sngar-sirnp  which  would  fill  all  the  cracks,  and  then  of 
baking  them  a  second  time.  The  sngar  wiu*  carbonizjKl  in 
this  second  baking,  and  completely  fille^l  all  the  poi-es,  so  !ia 
to  furnish  as  compact  a  carbon  as  the  gas-carbon,  but  purer 
and  much  more  homogeneous.  If  necessary,  they  could  be 
heated  a  thiid  time  after  a  third  ImmerBion.  to  complete  the 
effect  of  the  second  one. 

In  1H4(>  two  Englishmen.  Staite  and  Edwards,  patented  a 
mode  of  raanufactui-e  analogous  to  that  of  Bunsen,  but  they 
specified  particularly  that  they  wished  to  obtain  carboas  for 
the  electric  light.  S<Jon  other  inipi-ovements  were  effected. 
In  1840  lie  Moult  added  coal-tar  to  the  .sugar-sirup,  and  used 
different  kinds  of  powdered  carbon  which  he  heated  for  thirty 
hours,  and  then  purified  by  immersion  in  acids.  In  1852  Wat- 
son and  Slat«r  preferred  twigs  of  wood  purified  by  lime,  sev- 
a 
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eral  times  heated,  after  having  been  dipped  first  in  ainm,  and 
then  in  molasses. 

Lat^^r  on,  in  1857,  Lacassagne  and  Thiers  returned  to  gas- 
carbon  ;  but  tliey  purilied  it  by  a  number  of  successive  op- 
erations which  re- 
moved ita  silicions 
and  other  impuri- 
ties. Tlie  liglit  WHS 
not  so  unsteady ; 
uniortunately,  the 
carlion,  whose  com- 
pactness was  de- 
stroyed by  this 
laborious  jmrifica- 
tion,  permitted 
sparks  and  eren 
cinders  to  escape. 

About  the  same 
time,  an  old  chem  ist 
of  the  ifecole  Cen- 
trale,  M.  Jacque- 
lain,  made  a  very 
pure  artificial  car- 
bon with  tbe  tar 
derived  from  the 
distillation  of  coal 
or  of  schist ;  the 
intensity  of  light 
these  carbons  gave 
was  one  quarter 
greater  tlian  that 
afforded  by  the 
others;  Imt  the 
blocks  thus  made 
had  to  be  cut  u}\ 
a  long  and  cosily 
operation,  on  account  of  the  hardness  of  the  carbon.  A  little 
later  M.  Awhpreau  obtained  nlso  excellent  results  in  mixing 
magnesia  with  cJir!)on-dHHl.  Ho  first  conceived  the  idea  of 
compressing  the  paste  by  passing  it  through  a  draw-plate 
such  as  is  used  for  wirc-raakiug,  a  process  followed  to-day 
by  alJ  manufactui-ers. 
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To^rard  187C,  M.  F.  Carre  introduced  important  improve- 
ments into  This  manufacture,  notably  the  nac,  far  driving  the 
paste  thn)ugh  the  dniw-plate,  of  a  very  powerful  hydraulic 
press  (I'^iK-  IS).  The  carbon-paste  was  composied  of  fifteen 
parts  of  veiy  pure  coke,  reduced  to  extremely  fine  powder,  five 
parts  of  calcined  lamp-black,  and  seven  or  eight  parts  of  sngar- 
sirup  mixed  with  a  little  gum.  The  whole  was  ground  up 
with  exactly  the  i-ight  quantity  of  water  to  form  a  paste  of 
the  desired  consistency,  and  intimately  mixed  by  machinery. 
After  the  passage  throngh  the  draw-plate,  which  was  facili- 
tated by  heating  the  body  of  the  press,  the  pencils  wei-e  or- 
ranged  on  gixioved  tablets  covered  with  chai-coal-dust,  and 
the.se  tablets  were  introduced  into  a  furnace  where  they  were 
maintained  for  about  five  brmrs  a!  a  cherry-red  heat.  The  i)en- 
cils  were  next  plunged  into  a  simp  of  boiling  canimel,  dried, 
and  reheated  in  crucibles,  but  at  a  higher  temperature  :  this 
was  callt?d  nuuiishing  them.  These  two  openitions  were  i-e- 
peftted  until  the  pencils  had  acquired  the  necessary  density 
and  hardness,  nmi  they  wei-e  finally  dritxl  in  a  stove. 

M.  K.  Carre,  who  worked  under  his  brother's  patents,  siic- 
ceeded  in  making  continuously  pencils  of  more  than  a  metre 
in  length,  and  of  ull  sizes.  In  some  the  diameter  was  reduced 
to  a  millimetre.  They  were  ]>erfectly  sliuight  and  of  reumrk- 
able  solidity.  The  results  he  obtained  have  done  much  to  con- 
tribute to  the  .success  of  electric  lighting. 

In  1877  M.  tTaudoinnlso  succeeded  in  furnishing  carbons  of 
excellent  quality,  which  many  engineers  jirefer  even  to  CaiT6'8 
carbons,  nlthough  the  la.st  ni-e  most  widely  used  in  France, 
and  are  exported  abroad,  especially  to  England. 

In  (Jermnny,  carbons  made  by  the  house  of  Siemens  are 
principally  used,  which  are  exported  also  to  other  countries. 
They  give  very  good  results,  especially  as  re^rds  fixity  of 
the  light ;  but  theircomposifion  and  niodeof  manufacture  are 
kept  secret. 

The  lust  im])rovements  introduced  in  France  are  due  to  M. 
Napoli,  who  eHpiH'ially  lijul  in  view  pencils  destined  for  oix-n- 
air  incundescent  burners  of  the  tteynicr-Wprdermann  ty\ye. 
His  ju'incipul  oljjcct  was  to  ol)lii)n  a  ciirbon  that  ivfmld  burn 
m(U'e  sh)wly  tluin  the  ('ane  or  Uaudoin  carbons,  so  thjit  the 
lighting  could  last  for  a  longer  peri<>d  without  renewal  of  the 
carbon- i)encUs.  He  succeeded,  in  fact,  in  decrejising  the  con- 
sumption of  the  carbons  to  only  five  centimetres  per  hour  of 
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at  all  during  tlie  fubru-atiod,  and  whicli  thus  prevented  (he 
perfec^t  homogeneity  of  the  carbon-penuil  obtatufd.  He  chose 
accordingly,  for  agglonieniting  and  solid  nialeriiil,  two  siib- 
staucea  of  identieal  origin^for  one,  the  tar  of  bituniinoua 
coal ;  for  the  other,  the  coke  left  aa  residue  from  the  distilla- 
tion of  this  tar  at  a  low  red-heat,  which  coke,  before  using, 
was  reduced  into  rerj^  fine  powder,  w  hich  was  caivf uUy  sifted. 

The  paste  employed  consists  of  three  parts  of  coke  and 
only  one  of  tar.  M.  Xapoli  strove  to  reduce,  as  far  as  pos- 
sible, the  proportifin  of  aggUmicnuit  to  avoid  the  shrinkage 
during  ignition  o(  the  r(«ls.  whinh  often  caused  clicks.  This 
paste  was  but  slightly  Huid.  f^o  that  ho  had  to  employ  a  dj-aw- 
ing-maclnne  of  curved  shup<;  (Tig.  17)  for  frirming  his  iiencils. 

To  still  further  nourish  the  carbons  in  spit«  of  the  con- 
fflderable  density  they  ah-ciuly  possessed,  he  placed  thi-m 
in  a  special  cylinder  (Fig.  18),  where  altemutely  a  viicuurn 
could  be  pr<Mlucetl  or  the  pressurti  of  a  steam-boiler  ndmittwl. 
This  cylinder  was  itself  surntundcd  by  a  double  jacket,  into 
which  steam  was  inti-odiiced  to  heat  it  to  a  i)roper  tempeni- 
turo  during  the  oiieralion.  When  the  carbons  ha^l  IvN'n 
placed  in  the  cylinder,  a  vacuum  was  produced  there  which 
caused  the  air  condens(^d  in  their  pores  to  be  expelled  ;  then 
the  nourishing  liquid  was  introduced,  on  which  steaiu-pressure 
was  made  to  act  which  drnve  it  int^i  the  pores  exhausted  itf 
air;  Hnally,  when  the  liquid  nourisher  had  run  ruit,  a  jet  of 
Btftam  driven  thnui^h  the  bundle  of  i-ods  wi|)ed  off  their  sur- 
face just  like  a  moistened  rag  in  the  hands  of  a  dish-washer. 

The  iovi  ensemhle  of  the  operations  may  be  seen  In  Fig. 
19,  which  shows  the  temporary  workshop  of  M.  Naiwli,  Hue 
d(Si  Martyrs,  Paris,  In  front,  the  grooved  tablets  are  spi-ead 
out,  holding  the  carbon-i-ods ;  on  the  left  appear  the  rever- 
bemtory  fui-naces  where  they  are  reheated  ;  then  the  drawiag- 
ma<'hine,  with  the  hydraulic  press  that  forms  them,  and,  fur- 
ther back,  the  cylinder  which  nruirishes  them  under  pressure. 
At  a  distance  is  seen  the  receptacle  in  which  the  mixture  of 
flubstances  is  made,  by  the  side  of  the  engine  which  furnishes 
steam  and  drives  the  wliole  machinery  of  the  workshop. 

To  indicate  the  importance  of  a  good  choice  of  carbons,  it 
is  enough  to  give  the  i-esult  of  seveml  comparative  exiicri- 
ment^.  The  source  of  electricity  which  could  furnish  a  light 
equal  to  one  lumdn^d  and  three  Carccl  lamps,  ivith  it* tort  or 
gas-carbon   pencils,  gives  one  hundred  and  twenty  Carcels 
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with  Airheretiu's  oarbonfi,  and  om*  hundred  and  eighty  with 
Cairo's  carbons.  It  is  claimed  that  {yaudoin's  carbons  will  go 
still  further,  and  will  give  as  much  as  two  hundred  or  two 
hundred  and  ten  Carcels,  or  double  that  which  retort-carbon 
gives  under  the  same  condi- 
tions. 

If  artificial  carbon  possesses 
the  qualities  necessary  for  the 
production  of  the  electric  light> 
it  has  the  inconvenience  of  be- 
ing a  very  poor  conductor ;  for 
equal  dimensions  its  resistitnce 
Is  much  gi-eater  than  that  of 
puw  copjjer,  and  it  is  very  im- 
portant n'jt  to  introduce  into 
the  circuit  more  length  of  car- 
bon than  is  strictly  necessary, 
even  if  its  resistance  diminishes 
when  hualed. 

An  idea  of  the  fact<»rs  of  this 
problem  can  be  obtained  li-om 
the  following  ligures,  ivsultiug 
from  the  experiments  vl  M, 
Joubert  with  Carr6'H  carbons : 


rkln. 
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Vvfi,  SO,  SI,  32.— Poiiita  of  a  [iMrgf  nr^ 
boiw,  iilnln.  uiil  oo«t«d  •ritli  meuL 


Between  32*  and  212°  the 

resistance  diminishes  ^^  ^"r 
each  degree ;  at  1.832°  it  is  re- 
dacj?d  t()  one  thinl. 

Gas-cai'boii  pencils  arc  about 
seventy  times  more  resisting ;  those  nf  M.  (iaudoin  would  be 
about  2'10  times  more  resisting  than  tlinsi*  of  M.  (Jarre. 

We  have  said  that  the  electric  light  is  principally  produced 
by  the  incandesrenre  of  pnliir  rarlxms.  and  ihut  it  is  tlie 
points  whence  tlie  current  Hows  that  reach  the  highest  leni- 
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pemtnre  ;  for  the  liglit  to  be  fixed,  these  |)olats  mnst  displace 
themselvts  as  little  as  possible  in  ujn-nninn.  and  this  is  quite 
hnnl  to  realize  lK*ause  of  the  invinci!>Ie  tendenry  of  the  nir- 
rent  to  choose  always  the  shortest  path — a  path  which  the 
wearin^u:  away  of  the  carbons  is  continually  changing,  ns  may 
be  wen  in  examining  the  image  of  a  voltaic  tire  mngnitied  and 
projected  on  a  screen.  The  displacement  of  the  points  of 
emission  is  one  of  the  principal  cjuisi's  of  the  o«cillati"ns  con- 
tinually objected  to  in  the  elpcrric  light.  Th<>  liglit  would 
nnquesrionnbly  be  more  fixed  and  more  intense  with  thinner 
carbons,  but  then  a  grcjiter  parr  of  tliHr  Ipnglh  would  jrrow 
red-hot,  and  would  l»o  burned  thrcugh  back  of  the  |>oints  by 
dow  oxidation  by  the  air. 

To  prevent  this  waste  nml  diminish  the  r«'si.stance  of  the 
carbons,  M.  Reynier  conceived,  in  1H75,  the  idea  of  prevf-niing 
the  wmtact  of  the  air  by  covering  the  carbtms  with  a  metallic 
I>ellicle,  copper  or  nickel,  gnlvanirally  d»'posited.  Withavery 
thin  deposit  of  metal,  excflleiit  results  were  obtained.  M. 
Tchikoleflf.  of  St.  Petersburg,  has  proved,  in  fact,  that  a  layer 
of  copper  ^^  millimetres  thick  inci-ea-ses  the  conductivity 
four  and  a  half  times  its  nomwl  amount ;  with  a  ^  coating, 
it  increases  one  hundred  and  eleven  times ;  the  duration  of  the 
carbun  can  be  at  the  same  time  increased  fourteen  x*t*r  cent, 
as  is  prove<l  by  experiments  made  by  M.  Lemonnier  with  a 
Gramme  machine  with  continuous  current  (Figs,  20,  21,  22) : 
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Using  nltemato  currents,  the  two  carbons  form  .symmetrical 
points,  and  it  i.s  quite  e^wy  tti  secure  steadiness.  With  ctm- 
tinuous  currents  the  metallic  coaling  does  not  become  dissi- 
pate<l  quickly  enough  from  the  negative  curlHm.  and  often 
forms  a  barricade  which  hides  part  of  the  light ;  the  best  plan 
is  to  employ  metallic  plating  only  for  the  |H,'sitive  carbun. 

Trying  in  another  dii'^ction  to  secure  the  steadiness  of  the 
light,  M.  Carr6  thought  of  constructing  the  jx>lar  carUtna  with 
a  very  Hue  ceutiul  rod  of  carbon  inclosed  in  a  tube  of  carbon 
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which  it  exactly  ftDeci,  and  which  would  servo  to  support  it ; 
the  combustion  r(>.semhled  pxaotly  thiit  of  a  candle-wick  and 
the  wax  sun*<)unding  it.  The  two  parts  of  the  carbon  natu- 
rally are  tna/ie  of  different  composilion  appropriate  for  the 
diiTerent  rt^ts  they  liave  to  fill. 

By  tising  these  carbons,  and  by  properly  reducing  the  sec- 
tion of  the  negative  carbon,  not  only  is  a  remarkable  steadi- 
ness attained,  but  the  peculiar  hissing  noise  that  too  often 
accompanies  the  voltaic  arc  is  suppressed,  a  hissing  that  must 
not  be  confounded  with  the  peculiar  rustling  inseparable  £1*001 
the  employment  of  alternating  currents,  but  which  does  not 
exbt  when  continuous  currents  ai-e  employed. 


ClUVPTER  IT. 


Bixais-uonT  bsgucatobs. 

The  electric  lamp  for  production  of  the  voltaic  arc  is  com- 
posed essentially  of  two  mda  of  (Carbon,  HhajMMl  at  the  ends 
like  |>eucil8»  and  pliiced  in  the  prulongjition  of  their  mutual 
axis;  between  these  eleetttides  the  cuiTent  pussCH,  and  forma 
the  voltaic  arc.  We  have  already  explained,  in  the  preced- 
ing chapter,  the  nat^ll■e  of  the  carbfins  employed,  and  the 
caiLse  of  the  biillhiat  light  produced.  It  i^mains  to  be  shown 
how  this  light  can  continue  long  enough  and  in  a  sufficiently 
regular  manner  to  constitute  n  pmctical  system. 

When  the  cniTent  is  to  be  made  to  ])ass  from  one  of  the 
carbons  to  the  other—that  is  to  say.  when  the  lamp  is  to  be 
lightol — tht^  cjirbr)ns  must  be  put  in  contact,  end  to  end,  be- 
cause the  electric  current  is  incapable  of  overcoming  the  re- 
sistance which  tiio  almost  non -conductivity  of  c«tld  air  olfer3 
to  its  piussage.  The  ends  of  the  carbnn-nxis,  sharpened  to  a 
point,  snon  grijw  rtnl.  because  of  the  rrctwdiiig  of  the  electric 
molecules  in  this  tdioked  passiige.  The  air  becomes  tieattnl 
by  these  incandescent  points,  and  thus  becomes  capable  of 
conducting  a  little  electricity.  The  carbtm-nids  miist  then 
l>e  separated  from  each  other  a  eerluin  distance,  to  cause  the 
development  of  the  voltaic  arc  In  all  its  powerful  brilliancy. 

We  now  have  the  himj*  lighted.     Unfortunately,  it  threat- 
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ens  to  go  oat  very  soon.  In  fact,  the  carbon,  brought  to  in- 
candescence, biiras  quite  rapiilly,  however  compact  it  may 
be.  The  rods,  or  electi-odes,  coiitiniutUy  gmw  short,  so  that 
the  distance  wliich  the  electricity  has  to  Iravei-se  in  air  aug- 
mtiuta  «?very  inumeut.  As  air  even  when  heated  is  a  ptM>r 
c^>nductor,  the  current  experiences  an  increasing  resistance 
before  il:,  which  it  soon  is  unable  to  overcome.  Then  the 
voltaic  arc  disappears,  and  the  lamp  goes  out. 

To  add  to  the  trouble,  the  two  carbons  burn  unevenly  be- 
cause of  the  difference  of  their  physical  condition,  and  be- 
cause of  the  transput- tatiou  of  particles  of  incandescent  car- 
bon from  one  pole  to  the  other 
under  the  effect  of  the  cuirent. 
The  positive  pole  bums  twice 
as  rapidly  as  the  negative  one» 
which  is  the  cause  of  several  in- 
conveniences. Tlius,  the  center 
of  radiation,  which  evidently  cor- 
responds to  the  center  of  the  vol- 
taic arc,  or  center  of  th«  inter- 
val between  the  two  electrodes, 
J^y  /  yj^^H^^S^^  ^  displaced  by  re<:edi«g  from 
•^r/         ^^HmSIv?^^         the  positive  pole.     Furthermore, 

the  i>oIes  themselves  change  their 
fom»,  and  do  not  any  longer  re- 
semble each  other  in  shape  (see 
afde,  Fig.  10,  page  SH,  and  Pigs. 
2a-22,  pagR  53). 

AVhile  the  negative  pole  grows 
more  jjointed,  the  positive  pole 
hollows  out  Into  the  shape  of  a 
litth*  crucible,  facing  the  oppo- 
This  hollow  is  culled  the  crater.  The  light 
becomes  brighter  there  than  in  othiT  ports  of  the  voltaic 
aiT,  which  incn^aww  still  further  the  variations  in  light  jiro- 
dured  by  the  otiier  causes.  l-Vom  an  early  jieriod,  when 
this  tight  was  only  employed  for  scientitic  projections,  M. 
Piibuscq  had  shown  that  the  defect  cnuld  he  pjirtly  ciii-ed.  and 
more  light  cuuld  be  rtbtained  by  jilacing  one  carbon,  the  nega- 
tive one,  a  little  in  fmnt  of  the  other  (Fig  2H).  This  artifice 
is  employed  at  the  present  day  in  the  powerful  lights  nf  light- 
houses, where  continuous  current*  are  empluyed.     MM.  Fon- 
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taine  and  Lemonnier  in  France,  and  Messrs.  Tyndall  and 
Douglass  in  England,  have  made  many  experiments  on  this 
subject,  which  i>ri?ve  that  the  intensity  is  thus  increased  fifty 
per  cem  in  the  line  in  which  the  i-udiatiou  is  directed. 

Bui,  for  most  applications,  it  is  necessary  above  all  to  have 
an  equal  distriljutiun  of  light,  so  that  anything  which  tends 
to  diminish  it  becomes  a  grave  fault,  which  fault  is  avoided 
where  alteiuating  currents  are  employed. 

If  the  lamp  after  being  lighted  is  left  to  itself,  it  begins  to 
burn  for  some  iiiiniites  witli  ii  very  variable  intensity,  tlien  it 
suddenly  grows  weak  and  gr>e8  out.  To  jirevent  this  extinc- 
tion from  taking  place,  the  carbons  must  be  continually 
brought  together,  so  that  then-  <listance  apart  shall  remain 
substantially  the  same.  The  ideal  would  be  to  cause  them  to 
advance  both  together  with  a  continuous  and  regular  move- 
ment in  exact  proportion  to  their  consumption.    This  is  the 
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jirincipiU  trouble  with  electric  lamps  ;  it  is  on  this  point  that 
ahiukst  all  inventors  have  C4)ncentnile<l  tlimr  cfTorta,  iind  it  is 
in  this  particular  that  most  electric  lights  differ,  except  the 
incaudescimt  systems,  which  solve  the  pniblem  in  another 
way. 

At  first,  the  operation  was  conducted  by  hand.     Tlie  car- 
bons were  fixed  to  metallic  rods,  one  of  wliich  worketl  by 
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friction  in  a  fixed  rinj;.  The  movement  was  l»y  the  hand  of 
the  operator:  the  movable  rkI  was  pushed  down  to  light  the 
lamp,  it  was  di-awn  np  a  little  to  extend  the  arc,  then  from 
time  to  lime  it  was  slightly  advanced  as  the  brightness  of  the 
arc  diminished  sufficiently  to  call  attention  to  it.  As  it  was 
necessary  to  be  very  close  to  the  lamp  in  working  this  rod, 
there  is  no  need  of  mentioning  the  dangers  encountered  by 
the  eyes  of  the  unfortunate  being  in  charge  of  tlus  work  ^Figa. 
34  and  25).  It  was  thus  that  Sir  Humphry  Davy  o|)erated  in 
1813,  sometimes  In  the  open  air.  sometimes 
in  a  vacuum.  Imperfect  as  this  method 
was,  it  was  thus  that  thirty  years  la terL^on 
Foucault  worked  in  his  first  researches,  and 
that  Deleuil,  in  his  public  exi>eriments  in 
lighting  in  Paris,  operated  on  the  Place  de 
la  Concorde  and  in  front  of  La  Monnaie. 
This  process,  crude  in  a  double  sense, 

J  1 1"  whicli  we  have  all  of  us  .se«u  followed  in 

^^  experiments  in  courses  of  jjhysics,  governs 

I  the  light,  as  is  evident,  in  a  verj'  imperfect 

I  manner  by  tits  and  st:uts.     It  is  seldom 

I  employed  now  even  fur  the  use  of  luboro- 
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tories.    It  is  almost  everywhere  replaced  by  the  luind-regii- 
lator  of  M.  Bondreaux  (Pig.  2'l).  which  works  much  better. 

If.  for  so  many  years,  no  better  method  was  sought  for,  it 
is  liecause  the  light  wiis  as  yet  but  a  simple  curiosity  of  the 
lobomtory.  and  a  curiiwity  rarely  exhibited  because  of  its 
great  expense,  and  of  the  endless  variety  of  trouble  entailed 
in  its  preparation.    The  batteries  then  at  the  disposal  of  the 
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]>hyaici3t  wwe  very  weak,  bo  that  it  wq3  liccossary  to  nnite  a 
multitude  of  element;*  to  obtain  the  strong  currents  necessiiry 
for  the  electi-ic  light.  Sir  Hmn|thry  Davy,  as  has  been  seen, 
never  employed  less  than  two  thousand.  Even  in  the  best 
laboratories  this  involved  an  expense  and  trouble  that  no  one 
would  dream  of  enroimtering  to-day. 

Tlie  discovery  of  the  Bunsen  battery,  which  was  published 
in  1840.  changed  the  state  of  affairs  by  placing  at  the  disposal 
of  all  a  battery  much  more  iwwerful,  and  relatively  less  cum- 
brous, and  at  the  same  time  less  costly.  Thus  it  is  since  the 
yeai*  1844  that  the  electric  light 
has  been  seriously  studied,  and 
all  at  once  a  means  of  regulating 
it  was  searched  for  that  would 
effect  me<'hanically  the  approacb 
of  the  airbuns. 

The  lirst  trial  which  gave  any 
results  dates  from  1S45.  It  is  due 
to  an  Kngli.sliman  named  Thomas 
Wright,  who  rimreived  the  idea 
of  rpi)hicing  the  cylindrical  car- 
Ixm-rods  by  disks  beveh'd  on 
their  peripheries,  and  turned  by 
a  special  mechanism,  which  kept 
them  nt  n  constant  ilistann*.  Tlie 
voltaic  arc  played  between  these 
disks.  The  attempt  of  Thomas 
Wright  pa.ssed  almost  without 
notice:  and  almost  the  same  may 
be  said  <if  an  analogous  f^xjjeri- 
raont  of  a  French  ])hyHi('ist,  Le 
Molt,  known  also  by  his  ex])eri- 
ment.s  on  arlilicial  carbons.  He 
pati'ut^d  in  1840  an  appiinUus 
capable  of  acting  automatically, 
occonling  to  his  accounts,  for  twenty  or  thirty  hours,  without 
the  nef'd  of  any  intervention  by  the  hand  of  the  operator. 
Nevertheless,  the  idea  was  taken  up  later  (1857),  with  some 
modifications,  by  Ml'.  Harrisou  (Fig.  27):  and  the  recent 
appanitus  of  M,  Rejiiier  presents  many  analogies  with  this 
system,  originally  unsuccessful. 

But  two  or  three  years  later,  about  1848,  Messrs.  Staite 
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and  Potric  in  Enfrlantl,  nnd  Lfetra  Foncault  in  France,  worked 
at  the  samp  pmblem  in  an  altogether  diflfetviit  way. 

To  them  is  dne  the  first  senoiis  solution — even  if  na  yet  it 
Ib  not  practical  in  all  its  details — of  this  difflcnlt  problem, 
and  it  is  in  the  ix>ad  opened  np  by  their  labors  that  inventors 
are  now  marching. 


L  Regulators  with  Electho- Magnets. 

How  may  the  problem  be  snmmed  up  i  The  bnming  np 
of  the  carbons  under  the  effect  of  the  heat  increases  the  dis- 
tance between  tbem,  and  (<>r  a  continuous  light  they  must  be 
bruught  together ;  btit  this  must  l»e  done  at  the  proper  mo- 
ment. Suppose  it  is  done  too  soon,  the  voltaic  arc  is  short- 
ened until  it  disappears ;  if  done  too  late,  on  the  contrary,  it 
grows  weaker,  and  perhaps  is  extinguished.  How,  then,  can 
the  exact  nmmonT  of  action  be  chosen? 

2^0  one  can  know  this  exact  moment  or  feel  it  better  than 
does  the  current  itself.  If  the  distance  of  the  carlK)n8  in- 
creases, the  cunx'nt  has  more  difficulty  in  traversing  the 
elongated  adrial  conductor ;  if.  on  the  other  h.-]nd,  the  dis- 
tance diminishes  too  much,  the  cnrrent  knows  it  very  well, 
for  then  it  passes  more  readily.  Like  a  well-trainwl  sentinel, 
it  is  not  satisfied  to  remark  the  occurrence,  it  wishes  to  notify 
ns  of  it ;  for,  in  the  first  case,  its  intensity  becomes  less  on 
account  of  the  greater  resistance  it  encounters,  and  in  the 
second  case,  on  the  contrary,  its  intensity  increases  from  the 
reciprocal  cause. 

All  tliis  can  easily  be  provwl  with  a  galvanometer,  but 
that  is  not  enough.  After  having  been  notified  by  the  cur- 
rent itnelt,  the  same  curreut  must  be  made  to  work,  and  by 
its  own  efforts  prevent  the  evil  it  has  l)een  demonstrating. 
This  is  achi*'v»«l  l)y  forcing  the  current  to  pass,  before  going 
to  the  carlwns,  Ifarough  tlie  inngnetizing  helix  of  an  electro- 
magnet, whose  amiatuiv  Im.s  the  offireof  n-giilnting  the  move- 
ments of  the  inechanisru  which  ad  vane*'.",  the  cjirbnns. 

The  strength  of  this  electro-magnet  varies  with  the  inten- 
sity f*f  the  current,  nnd  the  armature  is  tu  turn  nttr!icte<l 
and  n'leascd  at  Ihe  im'cise  moments  where  its  intervention 
is  necessary  to  regulate  the  approach  of  the  carbons. 

This  is  thft^M^imple  priiicipjc  upon  which  the  regulator 
of  Fouca\iMHHfe^  slmpltf  that  one  asks  why  it  was  not  at 
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once  thought  i>f  as  soon  as  the  researches  of  Oers(eil  and  Am- 
pere had  revealed  the  laws  of  elertro-mapnetlsm.  But,  if 
atteatiou  was  not  earlier  turned  in  this  direction— in  other 
woi-ds.  before  1847,  the  date  of  the  Jirst  labors  of  Fourault — 
the  art  of  tnaking  small,  easily-worked  electro-magnets  was 
not  known.  For  it  woidd  not  do  to  introduce  into  these  deli- 
cate pieces  of  apparatus  iwirts  w«;ighing  a  quintal  or  half  a 
quintal,  like  those  hitherto  employed.  It  is  thus  (hnt  all 
scientific  progress  advances,  and  it  often  happens  that  very 
slight  improvements  in  a  given  point  of  construction,  even  in 
a  secondary  one,  carry  ivith  them  a  considerable  progi-ess  in  a 
number  of  other  more  important  points. 

This  has  all  happened  with  the  regnlator  of  Foucault, 
whose  mechanical  complication  "vvas  in  other  respects  very 
great.  Thus  he  himself  describes  it  in  a  summiu-y  manner: 
"The  two  carbon- holders  ai-e  ])ressed  together  by  springs; 
hot  they  can  not  come  in  contact  without  moving  a  train  of 
wheels,  the  la-st  nf  which  is  controlled  by  a  detent.  It  is  here 
that  electro-magnetism  is  usetl.  The  current  which  causes  the 
illumination  j)asst!s  througli  the  spirals  (»X  an  electro-magnet, 
whose  energy  varies  with  the  intensity  i»f  the  cuireut ;  ibis 
electro-magnet  acts  upon  an  armature  of  s(»ft  iron,  drawn 
away  frum  it  again  by  a  countt-racting  spring.  Upon  this 
movable  armature  is  fa^iteued  the  detent  which  locks  the  ti-ain 
or  releases  it  as  the  current  dictates,  and  the  motion  of  the 
detent  is  such  tluit  it  piessos  upim  the  wheel  when  the  cur- 
rent grows  strong,  or  lets  it  go  when  the  current  grows  weak. 
Now,  just  as  the  ciiri-ent  grows  strong  or  weakens,  as  Ihe  inter- 
polar  distance  diminishes  or  increases,  it  will  be  understood 
that  the  carbons  have  the  liberty  of  approaching  at  the  mo- 
ment when  the  distance  between  tliem  tends  to  increase,  and 
that  tliia  approaching  can  n<it  bring  them  in  contact,  because 
the  inri*pa.spd  electro -magnetic  action  resulting  therefrom  dif- 
fers an  insurmountable  obstacle,  which  disapiirars  of  its  own 
accord  a.s  the  intcrjfolar  (iistiince  again  inrreases." 

It  apj>ears,  lUcu,  that  Ihe  motion  of  the  carbon  in  this 
api)amtus  is  intermittent ;  but,  :us  the  periods  of  repose  and 
advancing  should  folhtw  each  other  with  great  rapidity,  and 
la.st  but  a  short  space  of  time  for  each  one,  Foucaiilt  supposed 
that  this  in  practice  would  amount  to  the  continuous  move- 
ment of  progression  necessary  for  the  fixity  of  Ihe  light. 

Nevertheless,  the  regubtor  had  more  than  one  fault,  and 


SINGLE-LIGUT  REGULATORS. 


68 


not  eatii*ely  automiLtur,  because  it  required  the  aid  of  an 
opemtoi-*s  hand  to  light  the  lamp  at  the  beginning  by  sepa- 
rating the  carbons.  Foiicault  was  obliged  to  further  conipli- 
cat«  it  to  overcome  this  imperfection. 

The  new  machine  had  two  distinct  clock-movements — one 
to  bring  the  carbons  together,  the  other  to  separate  them. 
An  elect  ro-mag^n^t  jdaced  in  tlie  circuit  unltK-ked  and  put  one 
or  the  other  <if  theise  movements  into  tuition  by  means  of  a 
lever  fastened  to  its  armaturiN  This  is 
nltracted  in  <me  ilirectinn  by  nn  electro- 
magnet, and  iJL  another  by  an  opposing 
spring,  whos<?  tension  is  itigiilulcd  in  pro- 
portion to  (he  intensity  of  the  riurent 
employed.  The  inconvenience  of  such  a 
spring,  which  the  variations  of  the  <mr- 
rent  can  not  iJilluence,  and  which  has  to 
be  mljuatod  by  hand  in  im>i>ortion  to  the 
power  of  the  electro- magnet  opposed  to 
it,  can  be  easily  understood. 

M.  Dnboscq,  who  had  been  the  collab- 
orator of  Foucault,  introduced  several 
other  improvements  in  this  apparatus 
(Fig.  20),  which  is  used  in  this  form  in 
all  laboratories,  and  at  all  the  leeluivs 
in  which  M.  Duboscii  so  often  gives  his 
!  assistance. 

It  is  also  with  this  regnlali»r  that  he 
has  inti-odueed  the  electric  light  into  the 
openi,  and  it  is  always  it  that  is  used 
when"  it  is  necessary  t«  introduce  the  snn 
upon  the  scene,  as  when  gnind  effects  of 
light  should  mingle  with  the  expressive 
dances  of  the  ballet. 

These  two  regulators  of  Poncaidt  and  Dnbnscq  have  -served 
as  types  for  their  followers,  which  differ  frttm  thi-m  in  the 
Tnost  diverse  mechanical  combinations,  but  which  resenible 
them  in  their  physical  principles.  Wc  will  only  examine 
those  more  widely  used  ;  but  many  others  exist  which  pre- 
sent almost  analogous  iirningements. 

In  the  year  185D  M.  Scrrin  constructed  a  regulator  realiz- 
ing the  different  conditions  of  the  problem  by  new  and  ^-erj' 
ingenions  arrangements.    The  clock-work  is  done  away  with, 
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n.  upper  orboB-hoUer  fporitlTe). 

J,  twivabln  InwrviMUng  phxw,  which  *m 
xlraimd  or  dnwn  hack  by  uKuifl 
of  lh«<  bnllon  S. 

O,  I'uUqd  tcnnin*tSiijr  in  »  ■mall  cewn* 
trie  TLc  two  buttoiw,  9  itrulG.  per- 
mit tho  u])]>or  arbfD  ta  b«  moved 
in  Vno  lilrcrticNw,  to  keep  the  points 
well  oppcMfl  Xo  uch  oLb«r. 

B,  rtuliowwy  lubo  wrrlng  ■■  jruiile  lo 
llw  Twl  of  the  u{«p«r  cnrlion-hulLlGr. 
TbU  tod  is  ptoviikd  wiib  a  rack  on 
ib)  lowor  Odd, and  (uri-esbfita  weight 
■a  motor  br  Uie  wliolo  appintiui. 

C,  lovrvr  airbon-bold«r  (nafjatiTe). 

M.  ?*,  P.  %  joiDtod  parallel(«nuii,  or 
Qactllntiog  *vi(vBi.  Mrvlng  to  gov- 
om  tha  Btlviuuie  uf  tlir  MirUmn. 

OjMriuofcag-wltnla.tlicfiMofwhidi 
enjtagM  vith  Iha  nek  of  llie  uj'poc 
carN>n-l>nl>lcr,  ami  tran»niil«  tho 
1110%'CRiuui  to  the  lowCT<jarlir)Ti-lioW- 
er  hj  lueaUB  »r  a  amalL  lu.iri'-^liain, 
whose  extremity  t*  raj<l>--tii-d  tu  Hm 
nuO  F.  Tlid  lut  nsle  aurin  a 
rachcC,  on  nliidi  acU  aa  abutnii^iit 
Axed  on  ono  of  llio  eUra  ot  tliv  poT- 

£,  nprin^ :  one  '■■  Hxcl,  utid  bdimcea 
tho  weiiilil  of  tin;  movnblo  I'li-oea 
fuvtiinoil  (u  tiic  oMitUtini;  ajratoiu; 
the  otlior  Mcnoa  os  oppo&lnff  ipriQ^ 
a^lnM  tlio  action  of  tha  olaetro- 
mo^tt  mt  its  nnmnturo. 

D,  armiiture  of  aoft  iron  ftmd  lo  tJio 
oaclUatlng^  aj^^m.  A,  eleotro-umg- 

DCt. 

K,  L,  lever  iv^iilatin^  the  tanateo  of  the 
oppoainic  e>priuj;.  irthoeteoUicniN 
tout  Jow  not  cirowl«t«,  ibo  elwtiw- 
iDngmrt  ia  ioaeUvc;  tbe  o»«dllfttiiig 
«>»wm  i*  kept  up  !>>•  tlic  upriu;.*!'; 
Ihc  nifbet  u  (nm,  noil,  tmckr  tho  iu- 
fluonca  or  tho  w«i^1it  of  the  upper 
wbQU-boldnr,  tht^  i^bccls  turn  and 
tlio  carbonii  appmatb  roch  othor. 
If  the  onrrcut  b  now  tunwil  od,  it 
piuMcii  thrniigli  tho  TfiA  B  It,  ihT'iugh 
lIio  enrlxina  vrhicli  arc  in  contiKl. 
diwtwD'U  il*  iwil  <.',  and,  hj  l>n)  la- 
ic niiciditilion  nf  till'  corrdjf.iti'd  plate 
whioli  1.1  Kvu  iK-hiiid,  mii'hoa  the 
dcctrO'ma^iH't,  mul  Muid!)  lo  tho 
(tonwntor.  Tho  cle<:iro-[rLii^et,  put 
into  motion  b_v  llii»  [uiNuign  of  tha 
uurnni  through  LU  hdien,  allracti 
Ms  arriiiiturii ;  tJio  oacllUtinii  ayHctn 
div|ia  down,  the  lower  earboa  dc» 
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■0aafly|tmHy'J>IO«lfclW'  in  tins  ncliet.  ttie  u-hocUwork  booumiui  modnQliun,  Mid  Din 
Jwawif  af riw  apparagboB  Uorrcatod.  Tli«  twocartMtu  w[Uir>t«,MilU>«an!  ItnarU'd. 
Xach  ciioo  Chut  ihe  incTvascd  IcniftLi  >>!'  tli#  arc  w^aJKins  iho  ounvntt  the  electro- tuiisiici 
nOcaa^a  lu  arnistiiiv,  uid  tlio  luiaa  movvmenti  of  appro«cb  ami  ibim  of  wiMratioD  mtc 

and  the  rnrbons  are  arl\*nnrecl  simply  by  the  weight  of  the 
upper  parbon-UoIdtT.  The  rotl  o(  the  lower  rarbtju-lioUier 
Is  carried  by  an  oscillating  panillelogram  sustained  by  two 
springs,  one  of  which  is  fixed,  and  keeps  an  e<[uilil>riii!n  be- 
tween the  weights  of  the  movable  pieces,  while  the  other  is 
governed  by  hand  by  means  of  a  button  (Fig.  30). 

An  electro-magnet,  worked  by  the  current  of  tlie  lamp, 
also  governs  the  movement  of  the  appaj-atus ;  but  its  urma* 
tore,  fastened  to  the  oscillating 
parallel ognini,  fills  a  double 
role:  at  the  time  it  stops  at  the 
proper  moment  the  approach 
of  the  carbons,  by  acting  on  a 
lachet-wheel,  it  causes  the  for- 
mation of  a  roUjiio  arc  by  at- 
tracting tile  biwer  carbon -hold- 
er, and  pn«lucing  thus  between 
the  points  of  carbon  the  neces- 
sary distance,  so  that  the  lamp 
lights  of  its  own  accord  when 
it  receives  the  current.  It  is 
the  8ec<)nd  spnng  that  has  to 
funiish  the  force  necfHSiirj'  to 
draw  l)ack  this  iimiaturuof  the 
electrri-miignt't  when  the  hitler 
is  weukcnt-d  thiiitigli  diminu- 
tion of  the  strength  of  the  cur- 
rent 

Ou  account  of  the  exactness 
of  its  rauvements  the  carbons 
progi-ess  with  absolute  steadi-       ~^ 
ness  and  reguhtrity.     It  is  the     -^ 

apparatus  adopted  since  1803  -^^ 

for  light-house  illumination  in  fw,  si.-URrgin  h  wgnUtoT. 

France  and  England;    it   has 

been  for  a  long  time  the  principal  reliance  of  elecfrioiana,  and 
has  cimtribiitt'd  Inrirely  to  the  success  of  electric  lighting. 

In  the  Burgin  lamp,  now  antiquated,  the  movement  of  the 
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moving  carbon  ('or  of  botli  carbons  in  another  model)  is  gov- 
iirn»:'d  by  a  spring- brake,  only  it  is  not  the  brake  which  is 
displatx-U,  but  the  Uy-wheel  un  which  it  acts.  This  whwl  is 
fawtenecl  to  the  armature  of  an  electromagnet  with  thick 
wire,  ami  movi's  with  it.  AVhen  the  ciinent  passes  with  full 
enei^jTv  the  anuature  is  attracted ;  the  wheel  is  mised  up.  and 
piieajws  upon  the  brake,  which  stops  it  from  turning.  When 
the  cuiTeiit  f>eu:ins  to  grow  weak,  the  iinnafnre  and  wheel  fall 
ci(twn,  and  the  carbon  can  descend.  The  flight  di!*placement 
of  the  armatiii-e  is  transmitted  to  the  lower  carbon  by  a  cord, 
and  snffiires  to  produce  tlie  Reparation.  Tbisapi>aratU8  (Fig. 
ttl)  is  ai-iunged  for  only  one  light,  but  it  can  easily  be  changed 
so  as  to  act  for  several  luminous  centers,  according  to  priad- 
pl(>s  which  will  be  explained  in  the  next  chapter. 

The  Criilcher  htini>  is  also  a  single-liglit  Iniiip  of  great  sim- 
plicity. The  rod  of  the  upper  carbon-holder  is  of  iron,  its 
descent  is  regulated  by  the  attraction  of  a  straight  electro- 
magnet, mounted  ou  trunaitjus  like  a  cannon,  and  which  oscil- 
lates perjHjndicularly  before  it.  The  farther  end  of  (his  elec- 
tromagnet is  phiretl  uuder  a  block  of  iron,  which  attrarts  and 
biilaiH'es  it.  The  other  end  raises  the  rod  of  the  positive  car- 
bon and  produces  the  separation.  The  reverse  takes  place 
every  time  the  cun*nt  we-akens.  The  two  cnrbon-holdei-«  are 
united  by  a  connecting  c<»rd,  and  their  movements  ai«  eyiu- 
cident. 

Finally,  the  lamp  of  M.  Girouard  must  be  cited,  invented 
in  the  l>eginning  of  1870.  because  it  .shows  a  disposition  of 
parts  which  is  peculiar  to  it.  The  apparatus  is  divided  iuto 
two  distinct  parts:  one  the  lamp,  pro]ierly  so  called,  with 
clock-work  foi'  appmarhing  and  scpiirjiting  the  carbons  ;  and, 
Becond,  the  rpgulat4ir  in  the  form  of  a  relay,  which  can  be 
placod  at  a  distance  fmm  the  lump,  and  which  works  by 
means  of  a  .'*mall  special  battery. 

In  this  apparatus,  then,  there  are  two  distinct  currents. 
Tlie  iirsf,  which  ci>mea  fi-om  the  dyniimo-electric  machiaie,  is 
very  int^'n.sc,  and  serves  f<tr  thn  pmdnction  of  the  electric 
light,  having,  however,  lirsl  jiassiHl  thnmgh  the  bobbin  of  an 
electrt)- magnet  Hxed  to  the  relay.  The  snccmd  current,  which 
comes  fi-oni  the  battery,  is  very  feeble,  and  has  nothing  to  do 
but  to  start  the  clock-work,  which  advances  or  draws  ijack 
the  carbons.  A  very  com]»licaied  mechanism  ]>eiinit8  the 
electro*mngnet  of  the  relay  to  act  upon  the  lamp.     This  sys- 
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t«m  hiis  only  one  udvantagp :  tliat  it  jicnnits  tlie  opcnitor  to 
govern  froiii  a  distani't'  the  movements  ol  the  aijparutus,  some- 
thing tliat  in  many  case.s  is  very  convenient. 


IL   Solenoid  Regijlatoiw. 

Wliile  FniicanU  worked  at  his  ree:iiIntor,  foinuleil  on  Ihc 
action  of  eleetro- magnets.  anot!ier  French  stivunt,  Archereau, 
invented  an  Hpiianitns  founded  on  the  anion  of  solenoids, 
and  which,  difTering  from  that  of  l*'oticau]I,  is  distinguishi'd 
by  great  simiilit-ity. 

A  solenoid  is  a  spinil,  or  ]ielix — a  stirt  of  corksci-ew,  if 
you  please— tliro ugh  which  ii  current  passes.  W hen  an  ii'on 
rod  is  passed  through  the  opening  in  a  solenoid,  as  if  in  a 
sheath,  its  tendency  is  'to  place 
Itself  symmetrically  with  respect 
to  the  two  ends  of  the  solenoid ; 
consequently  it  isnttiiicted  by  it, 
and  that  with  more  or  less  force 
nccording-  as  the  current  passing 
thtriu;;h  the  solenoid  is  of  greater 
or  less  inten.sity.  This  is  the  prin- 
ciple of  Arcbei-eau's  i-egulafor. 

In  this  apparatus  the  ]>ositive 
carbon  placed  above  is  station- 
ary. As  for  the  negative  carbon, 
placed  below,  it  is  attached  to  a 
rod  of  injn,  situated  in  the  mid- 
dle of  the  solenoid,  and  balanc(Hi 
by  a  counterpoise  by  means  of  a 
cord  passing  over  a  pulley.  The 
current  of  the  voltaic  arc  ptisses 
through  the  solenoid  wire,  and  it 
is  at  once  clear  that  its  variations 

will  biing  about  the  rise  or  fall  of  the  neeative  carbon  at  the 
right  time  if  all  the  parts  of  the  apparatus  are  properly  pro- 
portioned. 

Airhereau's  regnlator  has  no  clock-work.  It  is  a  tnie  mar- 
vel of  sirapHcity  ;  so  much  so,  that  the  iirst  nuMlel  coiLstructed 
only  cost  seventeen  francs,  and,  notwithstjmding,  does  actually 
work,  If  not  always  perfectly.  But,  as  it  is  not  the  positive 
carbon  that  moves,  the  negative  carbon  mnst  rise  to  follow  its 
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B,  H*,  cuboo-boldcTK,  upper  nd  lawcr. 

1,  rod  or  Um  cBTbDO-hoUrr  H,  imtniM 
■1  ita  lower  cs^tmaitjr  with  m  nxk. 

K,  red  or  the  lowfuboo-boUor;  ICli 
oTmA  Iroaaad  of  ({uadnopihr  Mo- 
tion. The  ap^r  put  is  pmniled 
with  «  rad' ;  Uw  lower  eaters  uiw 
the  tntonor  aftba  bobbin  L. 

U,  M',  mg'wbcek  tsreinr  ^Mlf  on  tbo 
ule  W,  uul  M{«nit«d  on*  fron  tbe 
otber  hy  on  iTor;f  «h«c) ;  their  diftSk* 
■ton  arc  in  tbo  tmit'>  of  I  to  ft.  Tho 
UrgQr  eniUff  ^tfa  tbo  rod  I,  and 
tbo  tnaiiiT  with  the  rod  K.  Tbs 
diaUinew  iMrerawl  by-  tfaoM  lod*  arw 
tiitta  proportioaal  to  ibo  oonwunptioa 

OfttMCWhOBB. 

O,  bami  ooatdnhig  a  nptfnc  which  taodl 
oonalaotir  to  brine  tho  lodaMgMhsr, 
and,  oooM^uentlT.  tbo  oarhooR. 
W,  <'xlreini(]r  of  Uw  arbnf,  tf^nni&alod 
by  a  »qnan  nhank  for  Rweitiiiic  the 
k«JF  with  which  Uie  Icns'im  of  the 
■rrinj;  U  adjuatcfJ. 
B,  R',  R' .  TcvcTM  niollofi-plnlnna.  They 
can  bo  (luplacod  ia  paralMUiQ  with 
tbcui^lroa,  and  act  upon  tho  ndm  I 
and  K  wb«a  both  oarboiu  are  to  bo 
railed  or  lowtrod  willtout  tdojipjqg 
tho  trorkuif  of  tho  ariMnlut.  Tho 
asilo  aC  thoH  piaion*  oairlt*  for  ibis 
patfOM  a  Mjuto  ahank  to  nwoivc  a 
kqr.  A  sprint  phuvd  en  tlw  mdw 
axlo  takoo  tbotn  out  c/  ca)taK<^«*>l- 
when  the  key  ■>  BO  km^er  nmod. 
L,  hollow  doctiP-oufinetlo  bobUa, 
wboao  helix  locraaKS  i*  ttik-knaa 
ftom  tof>  to  bottoot. 
X,  rertica]  rod  far  tlio  pMilito  of  tho 
currein  ttota  tiu  faindiD^-Knnr  P  to 
tJit>  (ytluniB  J, 
y ,  conlAct-kry,  pcnctrstinfi;  bj  an  opcn- 
iui;  lUroush  tbo  tube  J,  and  b««rin( 
siiaiunt  lbiL>  rod  I  b,v  a  Miwiog,  to  in- 
kuro  Ui6  ooaiact  nccouary  for  tbo 
rawgo  of  tha  nirimt. 
V,  fnH)o«»onriti|(toiiii«otlbcnMUIaiid 
K,  anil  prevent  ibcm  from  turning. 
As  h>Dii  »•  the  ciuTcni  iloc«  not  poM, 
tho  carbon*  are  fceft  in  contocC  bj 
llio  twnvl  and  apriiiK ;  tnil,  ao  mmO 
'.^  M  it  La  [iiusod  inf  >  tlii>  npp(uatu%  tbo 

',         bobbin attnKti die n>d  K,aiid,aatbe 

i  two  rod«  arc  o<mno«4ed,  llw  cnrbOM 

8C|aratfl,  and  tbe  are  te  eatiMlsbad. 

IIk  If  Okth  U  nvulatcd  hy  thr  toivion 

of  tho  aprini;,  which  kkonld  ho  in  equilibrium  with  tlic  attractive  latve  of  the  bobbin. 

Vlule  the  tittfi—td  k-uirth  of  tlio  arc  dliuiniiilloa  tbo  toKS  of  commc,  tlio  tpritiK  ovcrconHa 

the  ntlntction  of  the  liobbSu,  and  tho  oarbooa  approach  untU  oquUibrium  it  n-iatabUabod. 
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wa-ste,  so  that  the  Inmi- 
nous  center  is  conHniml- 
\y  shift  hii;;,  in  thi-  exact 
ratio  that  Ihe  pcwitire 
carbon  biinui  awiiy — an 
inconvemeiK«  that  (lot\s 
Dot  exist,  in  tlje  Ktm«uilt 
r^nlatoi'. 

As  derivatives  of  the 

A,  rod  of  fM*itiva  cvbon-hoIJcr.  A 
puik,  i>ltt(»d  ■!  the  lower  [•■n  of 
tliu  rod,  proventi  it  fVoin  tumlni;, 
mad  beeiM  Um  c*rbon*ofipo«)t(:  oim 
nncthor. 

h,  ina  ri>I  of  tlw  nae«tlva  «ntbo»> 
btiMcr.  Tbnw  two  rods  uvunhod 
tijr  tvru  Mnull  cnnla  tn  tho  liin  of 
two  pulley*,  vliicfa  work  tocttbcr, 
Biid  of  vhkh  ouv  Uim  i»ioe  tlio 
tUaHwtor  of  tiie  otitcr,  lo  llmt  tli« 
rnd  A  dmctinik  twiN  lu  Taet  ns 
Uw  rml  B  riwn>, 

C,  kOlaiOMl  with  counw  wirr,  thranifch 
wbi)Mlnteriorih«  roJ  B  dMAMDcU, 

D,mMll(!!rIin>Wfilli.-a  Willi  tncrvun-. 

L,  flUm  ft«1«n»i)  U)  Ifac  tixl  B,  nnd 
eailinji  bvlovr  in  u  llitle  pbi^n. 
whu'}]  pluufcvtn  into  tlw  rjlinilcr 
D,  \>iiL  wltli  «nvui[h  douMtcc  (or 
till!  niiimirv  to  imb*  II 

V,  1X1 II liter- Wright  fiitlini,'  un  a  Iiorl- 
mniol  Icrvr,  ncWnnl  hj-  b  mrd  to 
m  Uttril  [*u]U)',  wliic^h  wo-rk*  in 
indun  with  the  c.il)«r  l«i>.  It  acta 
In  ibi:  oppcwitu  dlnKiIqii  lo  UiD 
motor  md  A. 

K,  binwa  by  wkicli  tlio  woiirlil  I'  Is 
braaKbt  m-an-T,  or  pualiMl  avay, 
■oeordin^  on  it  in  dotdt&blo  to  tag' 
mvEit  or  UUuUiUh  Its  Bcttou,  wd 
rci^latA  til  i«i  ih«  •jtilrkncM  of  |<rfr- 
pvMion  oj'  the  oarhoDA  accon)lii(( 
loth*  iirt«(i)iiiit  ufthv  (Tumttt. 

E,  couBtcrpoiK'  fiLitvncd  lietwMn  Iha 
■nn*  of  tbfl  Init  piilloy,  utdMTV- 
itt^  to  liolaniT  tI)i<  varUtiona  In 
tbo  attraction  or  Uw  Kivlrnnld  od 
the  ro-l  B.  Aa  tliu  pullcv  tunie, 
tbc  flcticin  or  Uie  wei^bt  dimin- 
tilit's  bC  the  tmaa  thoe  that  tbo  at- 
traciion  nr  llip  »o]«aiMi  (llmbiiai]- 
M,  by  the  ikepcr  (iciirtnitioa  of  tbo 

TOdB. 
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Archereau  type,  the  regiilatdrs  of  MM.  Gniffo  and  Ja-spar 
must  be  citiHl.  In  the  itigulat'i>r  of  M.  (Jaiffe  the  mntnr  is  a 
spi-ing  inclosed  in  a  barret  This  spring  is  wound  up  by  the 
&ame  movement  ut  separation  of  the  carbon-holders  that  is 

needed  to  put  the  carbons  in 
place,  and  in  position  for  act- 
ing. The  solenoid  is  formed 
by  a  helix  whoso  ttims  increase 
from  top  to  bottom,  so  that  a 
stronger  and  stronger  attrac- 
tion is  continually  exerted  en 
the  iron  rod  which  terminates 
the  lower  carbon-holder.  Thus 
the  necessary  length  of  move- 
ment is  obtained  (Fig.  33). 

This  apparatus  is  supplied 
■with  an  arrangement  which 
jM^rmits  the  two  carhous  U>  l>o 
raised  or  l<)were(i  at  will  and 
pimultaneoiialy,  without  exlin* 
guishing  the  arc.  This  condi- 
tion is  indisjiensnblo  when  the 
luminous  center  has  to  l»e  kept 
in  the  focus  of  optical  a])pa- 
ratus.  such  as  magir-Iantems 
and  liglit-housi*  appurattis. 

The  regulator  of  M.  Jaspar 
(Fig.  34)  is  very  simph'  in  rem- 
Btruction.  The  movable  hhI  of 
the  upper  mrlion-hcjlder  is  the 
motor,  and,  by  its  wi'ight, 
causes  in  its  descent  the  eleva- 
tion <if  the  hiwer  ciirbou-hold- 
er  to  which  il  is  united  by  a 
small  cord  passing  over  a  pul- 
ley. The  seijuratiun  is  effected 
by  the  action  of  a  solenoid 
which  nttracls  the  ii-on  rod  of 
the  lower  carbon-holder ;  as  this  action  is  much  more  power- 
ful at  the  Ix^inningof  the  coni'se,  it  is  balanced  by  the  aid 
of  a  countt'rw<'igh(  Used  nimn  tlu"  transmission-wheel,  and 
turning  with  i(,  su  that  the  loverurm  of  this  counterpoise 
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i'aries  inversely  with  the  action  of  the  solenoid.  A  seconrl 
counterpoise,  whose  position  is  regnlated  by  hand,  jjennits 
of  (he  afljustTnent  of  the  apparatus  in  accordance  with  the 
intensity  of  the  current  to  bo  regulated. 

The  iron  coirs  utlmct«d  by  the  snlenoida  liave  not,  as  in  the 
case  of  the  aniKifures  of  electro- mii^icts,  a  Hhnrply-!imit*Nl 
course.  To  limil  their  osdllations.  a  littlt^  vtn\  of  intn  is  iiswl, 
fastened  to  tho  lower  rarbon- holder,  an<l  pliin^^ing:  into  a 
cylinder  filled  with  meivury  ;  (lie  r(\sistjinre  wliirh  tln'  mcr- 
01-117  offers  to  the  displacement  of  the  inm  rod  checks  and 
rcgnlates  tlie  movement,  and,  in  consequence,  that  of  the  car- 
bons themselves.  On  account  of  this  di.<»position,  the  passafje 
of  the  cHiTont  takes  place  under  excellent  conditions.  The 
regulator  of  M.  Jaspar  is  remarkiible  for  the  regularity  and 
certainty  of  its  operation. 

Tn  this  same  cate^oi-y  may  be  placed  the  regulator  of  M. 
F.  Carrd,_  whose  movement  is  ref^ilated  by  two  solenoids, 
curved  In  the  arc  of  a  circle.  The  armature  which  moves  in 
their  interior  is  of  S-shape,  and  oscillates  at  its  center  on  a 
tixed  point.  The  wire  is  wound  on  the  bobbins  so  thnt  both 
branches  of  the  annatnre  are  attracted  in  the  same  direction. 
Thus,  tho  attractive  effect  is  doubled. 


CHAPTER  V. 

MCLTIPIS  LUillT,   OB  DIVISION,  BEOULATORS. 

All  the  apparatus  which  we  have  studied  have  a  common 
defect,  derived  from  this  very  mode  of  reflation  by  the 
current,  wIioHe  discovery  was  scj  important  a  progress.  By 
using  the  wIkjIo  current  the  light  wu.s  in  the  first  2>ia<"e  sub- 
ject to  all  the  reactions  due  to  the  work  done  by  the  current 
every  time  it  actuates  the  electro- magnet,  while  in  the  seirond 
place  an  almost  insuniiountable  obstacle  is  cnrated  in  the 
way  of  using  simiUt-iineously  several  lamps  upon,  the  same 
circuit.  To  appreciate  this  it  is  enough  to  study  that  whitrh 
takes  place  when  two  apparatus  only  are  to  be  ]>l3ced  in  the 
same  cij-cuit ;  if  they  are  regulated  for  the  simie  length  of 
arc,  il  is  necessaiy,  in  order  that  the  approaching  of  the  car- 
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bon  shall  take  place  in  each  lamp  in  similar  amount  and  in 
tlie  same  time,  that  their  ivspeotive  r.irbons  shall  be  conflumed 
witli  exncdy  the  Nime  speed,  which  is  impossible.  Thus  in  n 
short  time  one  lamp  is  sure  to  present  a  wider  opening  than 
the  other.  Now,  as  the  elertro-magTietfl  work  with  the  same 
cummt  and  synimetrirally,  they  tend  to  work  almost  to- 
gethi^r;  in  the  jipj^initus  where  tlie  rarltons  an^  moat  widely 
Bcparated  they  will  return  to  the  normal  state,  in  the  second 
api)amtu.s  they  will  at  once  ncnne  in  contact.  If.  tm  the  con- 
trary, tht^y  are  arrestt^l  together,  the  distanee  between  the 
carbons  will  ndjiiNt  itself,  and  (me  lamji  will  go  out ;  the  cir- 
cuit will  hi;  inteiTuptiNl  and  the  second  will  also  go  out,  until, 
both  carbons  coming  in  contact,  both  will  light  up  for  a  new 
start.  This"  would  Ih-t  still  worse  if  more  tlmn  two  burners 
were  to  be  employed.  For  this  reaaon  these  apparatus  are 
deaignated  to-day  by  the  name  ot  rnojifrpftotes. 

There  will  be  no  difficulty  in  understanding  that,  when 
snccess  was  acliieved  in  producing  elcilric  currents  in  all 
imaginable  couditions,  inv(.«utoi-8  applied  themsetvea  i^ith 
ardor  to  seek  the  solution  of  this  problem  so  inappropriately 
named  the  divisibility  of  the  elect-ric  light.  It  has  been  solved 
by  the  employment  of  the  derived  curreid. 


I.   Derived-Ccbrent,  or  Shunt- CiBCurr,  Lamps. 

When  a  cun-ent  finds  two  paths  open  to  it,  it  acta  like 
a  stniam  of  water :  it  divides  itself  between  the  two  ptiths 
directly  imiportiimal  to  the  facility  of  iMissage,  or  invei-sely 
to  the  n^sistiince.  Thna,  if  the  resistance  increase.s  on  one 
branch  of  tliti  circuit,  the  current  will  ])fiss  in  larger  quantity 
by  the  other  wire.  In  the  polyphol^  regulators  (he  current 
is  thus  divided  into  two  portions,  one  of  which  goes  to  the 
voltaic  arc,  the  other  goes  to  the  electni-magnet  charged  with 
regulating  the  movement  of  the  a]jparatus.  The  wii-e  with 
which  this  electro-mognet  is  wound  is  much  finer  than  the 
rest  of  the  cinmit ;  it  cfiuses,  therefore,  high  resistance,  and 
ordinarily  only  sulhrt's  for  tlm  passage  of  a  small  derived 
current,  insufficient  to  make  it  active.  But  when  the  resist- 
ance of  the  voltaic  arc  increases,  the  derived  current  in  the 
elwtro-m signet  increases  in  intensify,  and  this,  by  the  aid  of  a 
mechanism  analogous  to  those  wliicli  we  have  already  de- 
Etcribed,  releases  the  carbons,  wluch  approach  each  other, 
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iUminush  the  resistance  of  the  arc,  and  rR-ostubli.sh  the  pre- 
ceding stilts;  nf  affairs.  It  is  ne«essjiry,  ns  will  n])penr  evident, 
to  pr*»p^'p|y  pr(>]inrtion  the  relntive  resishinrcs  of  the  arc 
circuit  and  cIoctm-niaKnct  circuit.  With  this  distribntion 
of  riirrtmt  the  n-pilation  of  the  lamps  is  effected  in  an  inde- 
pendent miiriner,  bernnse  the  same  quantity  of  eh^rf  riciry  will 
always  pass  fmrn  one  lamp  Ut  anotlier,  httwever  this  passnge 
be  effected.  In  the  experiments  made  by  the  jury  of  the 
Universal  Exhibition  of  I8TH,  twelve  regulators  were  made  to 
work  upon  a  single  circuit 
of  an  ftlterniiting-cnrrent 
dj-namo. 

Tlio  tirat  employment 
of  a  derivp*l  cunvnt  for 
n'j^nluting  the  advHuce  of 
the  carbons  was  made  in 
1866  by  AOf.  L^ca«<8aie:ne 
and  Tliiers ;  it  was  also 
combin<*d  with  the  main 
onrrent  of  the  lamp  ft<>  as 
to  utilize  the  differential 
action,  as  we  shall  see  fur- 
ther on. 

In  18T7  the  Ty^ntin  com- 
pany agiiin  employed  it  in 
the  Serrin  regulators  with 
which  they  experimented 
in  lighting  the  sitition  cif 
thePaiTs,  Lyons  and  Med- 
iterranean Kiulroad.  The 
apparatus  has  been  modi- 
fied thus:  the  electro-mag- 
net with  coarse  wire  of  the 

ordinary  mo<lel  is  i-eplacetl  by  an  electro-magnet  witli  fine 
wire  A,' placed  vertically.  The  armature  B  placed  below  is 
attracted  when  thi'  derived  current  has  sufficient  inteus«ity ; 
inoWying  (his  airnieti«.n  it  releases  the  mchet  and  permits 
the  carbons  to  approach  ;  it  jwrmits  also  the  lower  carbon  to 
slightly  advance.  When  the  passage  nf  the  lighting  cuiTent 
through  tJie  carinms  is  re-established,  the  annatiire  is  released, 
checks  the  movement,  and  moves  the  lower  carbon  enough  to 
produce  the  arc. 


c-urnMii  bj  Ui«  LoDtin  company. 
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Using  derived-ciiiTent  wgtilators,  the  numlMjr  of  lamps 
that  Clin  worlv  npnn  tho  aiinio  cimiit  is  only  liniNwl  by  tht* 
tension  of  t\w  oiirrcnr  at  (iisposul ;  thus  this  Hysleiii  is  in  use 
to-day  in  n  ^reat  inimber  of  rt'^iilators,  ami  we  sliaU  show 
tlint  it  in  easily  adoitltnl  in  fonner  systems  of  Iaui]is.  We 
shall  only  describe  one  of  ttu*  most  recent  of  such  apparatus; 
we  refer  to  that  of  M.  (Vrannne. 

In  tliis  the  up])er  carbon  is  the  only  one  that  moves,  and 
the  rod  whidi  siistaitis  it  turns  by  means  of  a  rack,  a  series 
of  wheels,  llie  axle  of  ihe  last  of  which  cames  a  rachet,  or 
scape-wheel,  with  long  teeth.  The  electrti-nia^net  with  tine 
wire  operates  an  annature  that  ari-ests  the  motion  of  this 
wheel,  which  is  arranged  in  a  pcpuMar  manner.  It  curries 
an  inteiTupter  whieli  cuts  off  the  derived  cuirent  every  linio 
the  animture  is  attiwTted  and  hiis  released  one  tooth  of  the 
acape-wheel.  Th<?  action  of  the  spring  opposed  to  it  is  thus 
murh  facilitated,  aud  (lie  annatiire  ftirms  a  species  of  vibrator 
or  eseapement  which  only  permits  the  srape-wheel  t^o  turn 
tooth  by  tooth.  An  eleetrti-niafinet  with  thick  wire  i>laced, 
on  top  of  the  apparatus  Uiwers  by  its  nnnatiinj  thti  frame 
carrying  the  lower  earbon,  when  it  is  uecessary  tu  pr<Kiuoe 
the  iirst  separation  for  lighting  the  lamp. 

Imprnvoments  succeeded  each  other  rajJidly ;  but,  when 
we  pass  from  the  Inboiutory  into  the  donuuu  of  actiiid  pnwT- 
tioe,  difficulties  show  themselve.s  at  every  stejj.  lu  their  iirst 
attempts  a  new  trouble  was  encountered :  the  polar  carbons 
are  consumeil  quite  rapidly,  and  yet,  jis  they  are  only  held 
by  one  extremity,  it  is  difficult  to  use  long  and  fragile  rods, 
und  to  direct  them  end  to  end  with  aecuracy.  They  must  be 
frequently  renewed,  which  is  very  inconvenient  liecause  the 
lumps,  on  account  of  their  power,  are  generally  placed  very 
high  up.  It  is  a  cause  of  trouble  that  in  many  casos  is  in- 
julraissible. 

To  avoid  this  objection  M.  de  Mersannes  invented  a  new 
mode  of  moving  the  carbons  which  pt»miits  the  employment 
of  rods  of  all  sizes,  yet  only  intr-odueiug  into  the  circuit  the 
absolutely  necessary  length.  This  system  consists  in  passing 
the  carbons  Ivetween  grooved  whet-Is  which  turn  by  the  action 
of  a  spring,  and  in  turning  advance  the  carbons. 

The  apparatus  oontaiiiH  two  (dertroniagnets  with  fine  wire 
placed  iu  the  same  derived  ciretnt.  One  of  them  serves  to 
govern  the  movement  of  the  motor,  and,  lu  consequence,  the 
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0,  S^prwMllpee  dccIdk  u  miiature  ft>r  tho  rice- 

l|lfr4MgfMt  A  A. 

A  A,  «K<<:tro-iDun>«t  wUh  tbick  vrira  tmrentd  bj 
tills  lijcliL  currcnl. 

£,  H,  counianctuu;  BprinKfl,  fluMDod  U  J[,  V  to  ilic 

bmi  i:,  K  nr'  till,'  luoriilili'  tnme. 
J>,  appur  c*rlwn-n>il ;  h  U  provided  with  a  nwk,  htmI 

■ctustn  l>tf  iu  wpitrlii  a  Imlu  of  wl)i.<«K  tli«  Lu«t  ■'l' 

vhleJi  la  041  tstfiipt'inr-m  «'li«ol. 
Bf  alodro-nuftitrt  wiUi  tina  wiro  tni<r«nw;l  b>  a  di>- 

rirod  ourrant. 
r,  ■tBWimml  of  Uic  derived  dn-iilt  ti>  tho  rod  K. 

Tll«  ullwr  cxiniitir)-  of  Uw  circitll  ia  uttauhi-d  to 

1,  knuotuTO  oTtbe  ileriTcd'CaiTiTiiC  mn^et  curried  by 

A  lever  L,  v>k')M!  other  viid  rarriiM  n  pbta  8  <ti»> 
■l^ed  b)  «ti'h  in  llio  feivju-wticcl. 

I*,  lever  pivolnl  at  V. 

U,  contAet-acrcw,  vlili'h  cuuMSt,  bv  iha  ]ti       i   ' 
wbirh  Uu-  anmiHuw  1  Kite*  !■>  Uie  lover  L,  tm  in- 
Kniiitlcut  vniUKt  \rilii  thv  sprio);  N. 

K,  brticljB-plc«  Mtrryiuje  tlic  lever  I.. 

V,  tpriuit  opiKMloK  Ou  anion  <it'  the  Anaature  I. 

WJim  tliere  !■  n»  cunvot  im»»ini{  ihrouffli  llio 
lamp  thu  Bprlnin  B.  K  bM-p  ilic  movnblc  Ihinia 
nnil  lowfir  enrlioR  ntiwd  ii|>;  the  nrmumre  I  in 
abKi  held  up  by  iL-< spring  r,iind  the  plati-  S  -I'lp-i 
tiie  ni<ivL-tiii'iit  I'f  llie  •«»i>o*wLwl.  Tlt^  ii.  !:■ 
orvnuwRopiimlcd.  This  bwnki-fcontiiujiU  I'T'  i 
tho  cunent,  ivhcji  It  illumed  Into  the  appuruMi, 
tn  [Ml**  lnU>  liio  (lerU'«id  circii!)  In>t«aii  nf  [juiiij^ 
throti^h  tlio  ctfboni.  Tlir  elect ro-niA^oC  B  bu- 
oemo  active,  tnnuta  it»  lUTOfliiire,  tho  lever  L 
rwiimn  Dvor,  and  Iha  plata  S  rvlvwem  (La  auapti- 
wbcet.  Th*  rtn\  T)  lifcAceiids,  Uie  Mrbona  np- 
pT(3Aeh,  ami  lh«  ]ut9Rri){e  ijif  the  eurrent  la  Mtnb- 
jinhcd.  At  thi«  iiiomiM)!  tho  ctcettn-ma^cl  A 
bwooita  active,  iut4  lUtmoti  in  arauitilii:  C ;  tlia 
lotrar  corbon  dL-^t■l:]^dJ.  Iml  ut  tUo  tamo  Instaut 
tfac  elcctro-iiuTnel  B  bceomea  inactive.  The  lirvor 
L  miatp-  Wk  the  orhcr  waj  and  iJic  msipo-wliwl 
is  oaNnht.  TIio  (-Iiocking  "f  Iho  mMidn  u{  llie 
upper  carbon  niiJ  ilin  )o^mllU(  of  tlio  1i-vrer  cnr- 
^D  luiv«  [<rwlu»d  the  aeocuary  MpiimiioD  for 
tha  Mtablialimoiit  of  th«  are.  The  ixftcit  M  ia 
lk«u  In  oontiKt  n'itti  th?  flprlns  X.  sn  tiiat,  un  r"OU 
aN  tho  miiici  ourrmt  wculcuni,  the  doriri'd  ciirrvnt 
Mnn«,  and  the  tnaa  itiovcuicQt«  ure  Tcprodoead; 
Vut  ibi*  d^rivod  enrnnt  i*  abo  Interrupted,  bo* 
cansa  the  sn-in^ii!;  of  Iho  loror  MparatM  UiU 
Kicnr ftvm  llio  tprine  wid  bn»k»  tliv circuit;  it 
fbUair*  tl:nt  Via  uuuutL-netinff  Bprinit  acta  morL- 
mdlly,  and  the  relaailne  la  Ims  pi&loDgvd.  Tbc 
^)fiTniu>h  of  tho  twrbona  loltiw  plan  by  ft«otii>iu> 
of  rnilliini^rea,  oiid  the  arc  baa  very  Tern  varia- 
llona. 
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fta.  ai*.— M.  (iiammc'ii  derived- 
oumut  rvgtdalor. 
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Fio.  «8.— De  MorMnue  KguluMr. 

Ai-llnii^priDii  Bctuiiting  Uw  lODgUodiuBl  arbor  «  n. 

a^  tAdt' which  tran*mit«  tho  movtunent  to  tho  twokrbinv  A,  ft  of  Uie  ebrhon-tioldeni ;  it  i* 

divided  toui  two  uuequft]  putt  imlud  \>y  ConUo's  BlMmo,  cloctrtotUy  Ituulated. 
0  0',  fvat*nirul»r  box  onninlntng  tti*  BrtKir  a ;  Urn  put  ti  b  uUo  mounted  at «  an  bald  oaout- 

chfld^  anil  ivnrj,  m  Ihiit  ull  Uio  piece*  of  one  of  th«  carbon- 

holden  ura  iiitulatwl  cI«LlrioiJlj, 

A,  b,  nibon  of  tho  car  bun- ho)  dm  driviiii,'  the  miiiill  nrbara  <l,  4. 
J,  4,  traOKVcno  afbon  which  iranttniU  the  moTcineat  hy  Uic 

wliueli  r,  «,  (  (a  lk»  fuoilinii-^itdn  (Fi£.  t.^). 
ff,  f,  fifetUtm-vbtaU  which  aitvanrc  thn  t^rhnna  a  antJ  f    one 

tonatd  th«  other  Id  praponlou  tu  tLu  Miwtti  due  to  Uic  ooin- 

bUatUin  fFig.  SS>. 
it,  A,  coninct- i[itit3«i>  aciinir  to  inciire  iho  contact  brtvoen  tha  ear- 

bdOn  AUil  tlio  A>edtu;{-wliun1ii;   Xlury  an  carried   br  u  Rmall 

Icvi-r,  o»  tho  bearintr^of  Hliich  jvcmm  aapini  i>pnnK«lioa6 

actinn  L*  ivgubticd  l\v  itie  (prii)^  i  •'  (Fijf.  St*). 
<■,  latuhcr-whpcl  j>lscr<l  liitiiwBtttllj-. 

B,  elect n>-itiiu{n<.-t,  Itullnw,  uod  wlili  fine  win  Iiclix;  the  two 
SXtKinitie^  of  tlu'i  win  oie  coaiit-chtd  ropMrtivelf  Id  llir  two 
ttrtwn-liftldtra.  Ihai  Ic  to  t%y.  to  the  two  poka  of  thi-  mitin 
eitmatt,  ao  tliU  it  is  only  tmrciE»d  by  a  doalred  portion  of 
tho  iKUTatit.  Whpi]  thtt  Mpanition  betvMO  tli*  polar  onrbooa 
iBcrcMM,  attd  cotuKxiucittly  the  mdiituioo  of  tho  arc  to  th« 
patM^  cf  tlio  pTliioi|iBl  uumnit,  tite  dorived  current  ntiicli 
■arenlpilM  in  tlic  matructieiniT  bdix  of  the  ckrtru'itutinict  Uii* 
ludlMdy  incTvuw  and  doTelopa  la  it  a  autadently  powerful 
BMgiMttBUioa  for  it  to  attnut  ita  ormxtura  m. 


l^ 


Fi(i.  80,— SiHtlonoftho 
i-orlHiu-carricT  of  tho 
Do  MoTBUiao  rvjfu- 
lator. 
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n,  Mnatnra  provided  with  ■  dot«tit  o^net  wbtch  tho  tcctli  of  tho  aetipc-whul  or  nlcheb 
idrika ;  wIwd  it  U  nttnctiHl,  tbuw  tvcili  o>«i[v,  tlxi  onrbnn*  befctn  to  move,  and  apprmoh 
C>«h  otlier.  When  iht  arc  hu  utuim-d  ir*  ui>nnkl  Icn^h,  and  when.  In  contfquetioa,  iho 
{MBUifu  of  the  prUiclpiiJ  currvnt  Ii*  re-fAiablUhoJ,  ilie  dtirivcd  «urrant  ftlniiMt  mu»  fhnm 
|>uaing,  AOd  tiio  nltittn-innaitct,  bvoomi'a  almrntT  invn,  ahatidoRa  lu  aiiu^iire,  lTbk^ll  « 
tpriag,  0,  dmna  fV>rwuril ;  tht  Kcapc-wttcd  U  caniihl  by  (be  detent,  and  iLc  movcnionl 
ocflBCi^  lo  •tart  Huuw  oaelt  liiiic  Uiut  Uie  axiDit  ocnditioiis  prevail. 

«i  t/ptioff  opontiuii  llie  unnoiuro  a. 

T,  Umlttn^-eerew  Hrvlnff  to  twuIku:  Uig  )iositioii  ot  tb«  animturb  nccDnUnK  to  lli«  attnoHva 
foiwe  (]*ro1iipMl  in  tho  eWlnMinainii^  bv  tlin  JitIvtiI  ciirrr^tl. 

I*,  Mnir  ftcrriitK  Ia  repitnto  tbo  d«U-nt  irithDiit  tlu;  n«oeM>It]r  of  UucbiOf  th»  screv  r,  and 
wilbuut  diinn'jiiiu  tlio  ixv>i'<''i'>u  **''  I'"'  umiB(iir«. 

C,  eleoUo-m^flltt  w>i<.r>c  liulioMoro  iu  Umnaiui'  dvritrd  viiwilt  Ealhatoribei-leFtro-ouijrnul  It. 

f,  rod  flxtd  upon  odd  of  tho  Cftrbon-holdcra  oiul  oiTryatg  on  lie  ap]ic!r  eximiill;'  Uiu  armii- 
tom  of  tlin  c<l<<^;trn.iiii^n«t  r. 

J,  oppoBinc-^rinif  i>f  Uvc  nmularii  ^.  The  action  of  thi*  «pnn^  ■*  |tOv«mcd  in  mi(]i  k  iraf 
tbM  the  arotiaut«  old  not  b«  Mtn«ted  exc«E-c  when  tltu  Gurivtit  aiUiiuii  iu  uiiudijiuui  !ii- 
tctaity,  eillivr  bceauM  tho  kk  M  not  yvt  fonuud,  or  liemUM  it  hn»  birtn  brukeii  bv  too 
gnot  HporadiTii  of  tii«  oarboiu.  k  follonn  that,  at  tbc  momciit  wta«n  Um  cumnt  ia 
tnriwd  into  lli«  B|ipanilu>,  tho  nmukturt)  ii  attnicln-l,  and  l.hppjirbun-hulilarciorPMipoiidiiig, 
dnwn  by  lb«  rod  ;,  raorcK  like  •s(«t»beam;lt  remaltiAin  tldi>  ;)c>titi''>it  until  tJm  m^iniRnt 
vbcD  ibo  caxbona  ooom  hi  oontftot ;  then  tli«  panage  of  tJic  iirind]ia1  curmii  l«  tc-ovub* 
lUbcd,  llto  ditrivrd  current  diwppfftra  altogeUior,  tbo  amuttnre  i«  ut  fn-i-  and  in  itnwn 
aims  br  ita  epritu;  iriih  Uic  mrbnn-holdor :  thiu  thorv  i«  produo«l  bctwpi'ii  tbc  pnintH  of 
tlw  ttrbuut,  a  •litfht  MpnrRtiou  vbich  inunediuiely  tnduuM  tlie  fonuatlou  uf  thu  art. 

pn^ression  of  the  carbons.  Tlie  rdle  of  the  other  is  to  pro- 
duce between  the  carbons  the  separation  necessary  to  cause 
the  voltaic  arc  to 
play  between  them  ; 
for  thia  purjjose  it 
ia  given  a  slightly 
greater  resistance, 
and  does  not  act  un- 
til the  earlwns  come 
into  contact. 

Like  aJl  the  ap- 
paratus with  derived 
cuiTeiit,  M.  de  Mer- 
sanne's  n*gulator  is 
poIyijh<»te.  Fijf.  38 
shows  tlie  hoiTz<»ntal' 
type,  und  Fig.  3y  the 
sectional  view  of  one 
of  the  carbon-hold- 
ers. 

With  this  repiiln- 
tor,  the  duration  of 
the  period  of  light- 


f^  TEiir 


J'"ia.  40.— The  Wallace  lamp*. 
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ing  is  no  longer  limited,  because  the  carbons  made  by  M. 
Carr6  are  a  metre  or  moi-e  in  length;  they  can  last  through 
the  longest  nights  of  winter,  alwut  eighteen  honrs,  without 
any  neeeasity  of  renewing  them — they  could  even  bum  longer. 
Mr.  Wallace  lias  tlumght  of  iinoilier  mode  of  prolonging 
the  duration  of  the  period  of  h'ghting,  whidi  we  will  describe 
en  pa^innty  although  his  ap]>aratus  does  not  come  in  the  cate- 
gory of  liimpN  with  derived  current.  Ho  pindnres  the  voltaic 
arc  bet^veen  two  rectangidar  plates  of  carbon  piiic(?d  verti- 
cally one  above  the  otlier  ( Fig.  40).  The  lower  plate  is  fixed  ; 
the  upper  plate  is  movnlilo  aud  supported  by  the  nrniature  ()f 
an  elcctnt-niagnct  incloscni  in  tho  Ikix  A.  While  ihe  current 
does  not  jtass  through  the  appanitus,  the  two  jihitos  touch; 
iLH  soon  as  ihe  circuit  is  establisht'd  the  electro -magnet  raises 
the  ui)per  carbon  and  the  an;  is  eslnhlished  ;  as  tlieir  bonlera 
are  never  rigiirously  parallel,  it  starts  at  Ihe  point  of  least  re- 
sistance, and  then  travels  nloiig  llxe  entire  leugth  ;  when  the  dis- 
tance Iwcomes  slightly  increased  by  the  combustion,  the  up^jer 
plate  descends,  the  arc  begins  agsiin  to  travel  the  other  way, 
until  both  (ilates  ai"e  (luite  used  uji — that  is  to  say,  in  a^xjut  a 
bundi-ed  hours.  This  regulator  is  veiy  simple;  but  the  iucau- 
doseonce  of  the  carbons  never  reaches  its  full  power,  aud  the 
results  attained  in  the  production  of  light  are  not  very  good. 


11.     DirFKKKSTIAL    LaMPS. 

All  this  was  not  enough,  for  there  always  was  retained  the 
opposing  armature-spring,  a  spring  whose  inconvenience  we 
have  already  noted,  and  which  must  lie  suppressed  to  avoid 
the  hand-regulating  required  each  tinir-  rhe  intensity  of  the 
cnrrent  is  modified,  either  by  the  changes  in  the  numljer  of 
lamps  working  (ui  the  circnit,  or  by  the  variations  in  the  work- 
ing of  the  generators. 

Thne,  aa  we  have  said  before,  it  is  MM.  Lacas&agne  and 
Thiers  wlio  fii-st  emiiloyed  an  electi-o-magnet  with  derived 
current  to  replace  the  opi>osing  spring  of  the  armatui-e  of  an 
electro- mngn el  with  thick  wire,  so  that  the  mo\-ement  of  this 
armature  whs  due  t«p  the  differential  action  of  the  two  currents. 

In  their  appai-atus  Ihe  lower  carbon  was  alone  movable, 
the  rod  which  carried  it  behig  fastened  to  a  piston  raised  pro-] 
gi-essively  by  mercury.     The  iidmission  of  this  mercury  into] 
the  iron  cylimler  which  contained  the  piston  was  regulated 
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by  tilt!  pvater  or  letw  compression  of  the  India-nibber  tube 
throngli  whirh  it  piissed.  This  ronipression  waa  exercised  by 
jin  :imiatui*e  Hii(>je<"ted  at  (he  same  lime  ru  the  actions  of  two 
fl('ctn>- magnets,  one  with  (hick  and  one  with  thin  wire.  Its 
sensibility  was  such  lluit  t!ie  armature  remained  in  one  jMiai- 
tion,  perniiKin^  a  fine  slream  of  mercury  always  to  pass,  so 
tha(  the  ai)i)roaclii!iji;  of  the  [-arbons  (akes  place  in  a  continu- 
ous and  imint«rrup(ed  manner. 

On  the  eam\'  i»rinciple  Dr.  Siemens  airangeil  his  diffei*- 
entiaJ  lamp  (Klg.  41),  ui  which  the  principal  cuiTent  and  (he 


A,  gbitioiuiTy  lowsr  CArtion  held  by  tliu  clktnp  ^  on  tlit  luwci 

oroMt-bur  of  tho  ftvnua. 
f,  movable  upper  orbon,  held  by  cUmp  d  an  ibc  hu  Z. 
Z,  Hp{wr  vurbfjLj-lioIJcr,  ttcrvlo^  tm  mowr  to  iha  eritem.    Tbo 

upper  iiart  of  Uii»  toiI  is  mmlo  into  »  ntolL 
r,  ntctipt^wliMil,  driven  lij>  a  unuli  pinion,  wbicti  ftHlf  wivk» 

iiiU)  IIm  TBck  on  Uin  nid  Z. 
m,  ft,  amm  pofululum  prnvidod  with  on  eMnpMMOt  whioh  prp- 
Tents  tfae  wbeol  lunuuit  cxuc|ri:  m  hBlf-toaUi  nt  Mcfa  wcUIH' 
ttnn.     It  U  llila  pdniliilum  vhioli  govern*  t.hp  •■•rjipeinpnt 
*  a,  A  A,  c",  jo"iot<;ii  panUdogmn  whoce  uppf  r  ana  f  e  in  Iiurt- 

cumI  I«  tht:  bu)  uf  »ift  iron  S  8. 
T  T,  tine  *lre  ^.U-iioiJ. 
R  B,  thick  wlro  wtonoltL    Bolli  act  tnxDtJier  oa  tlw  bar  S  8, 

wliloii  oiovM  tnM\y  In  t)i»lr  lolerinr. 
a  y,  ffinAll  kvcr  piroUd  at » to  the  vrrticol  inMnbor  A  A  of  the 
pai«1Ii;livnitii.    Tills  lovtir  liim  nt  y  an  iadiiiiiutidii  wldul]  re- 
ceivm  ttic  end  oTtbe  ptrncJiiluto-tud  in  p. 
L,  I^  biiidinf-MniTii  wlnrc  Hik  <nuTC[ii  ontns  iad  Imvw  tlu 
lamp. 

Whon  the  iin?  i»  f>Uiri<>d  umi  'w  rf  pmptr  kngtli,  it  in  lh« 
action  or  the  tuilvnutd  B  It  undur  thu  iiiduuucv  uf  the  ituiu 
cumsiil  itiat  ptvduiuiuuleB ;  t|ji' bar  8  6  is  iitlimU'd  tnwunJ 
the  biiec.  and  chnn^iH  die  fihBpi>  of  cho  panilklnf^tn ;  Xhe 
luror  y  x  dofv^Qj"  and  loc-kji  ii[nn  tho  peniltdiitn-nKl  m  />, 
which  it  prevcnU  frr-cn  worWng. 

WhuD  the  uumml  boc<;nu.-d  weak  by  th«  IcuKlhcniUK  of 
tlw  arc,  the  draivcd  rurrvDt  wbldi  pwswa  throiu;b  tiii;  nolp- 
noid  T  T  iDcreaaaOt  tba  bw  8  8  to  •ttnurti.-d  upwonl  toward 
Uii;  top,  and  tbo  pHmlleloKniin  tvnds  to  reoaaunii)  itx  origiiml 
tibu|ic.  The  levor  x  y  riteit,  tlic  pvndut»ui  m  p,  diaonxoKwt 
ftwn  its  lode,  bt'itinii  to  cMlllal*  and  pvnolts  th«  ratchet  to 
bim.  Th«  bar  Z  deMMida,  and  brioga  tlio  ii[>|wr  ratrbon 
doo-n  toward  tho  Bxcd  carbon. 
i^Tbe  ponlkloiinan  !r  oomiectod  to  a  litll«  air-immp  or 
b-pot  wUoh  guTvmit  it*  tnuvctucitin.  tn  auv  uf  oxtinc- 
I  or  bnokoce  of  the  oarbonA,  tin  derived  oiurcut,  invini 
man  iniaDM,  ^«m  tho  aotonoid  T  T  v«r]r  grvut  ]H)wni ;  tlic 
,'^r  8  S  in  iHrofiKlv  uUrocitrd,  and  opcmtcx  a  i^fuiy  tontocl 
7  plottiiuui,  which  iliniwa  tlie  lamp  oigl  of  L'iivuit,  umil  tbn 
.  Z  baa  deHoend«(l  onuuKh  for  thi'  nn.-  !■•  ho  rv-tatjihll*tied 
ImCvmo  ths  arbous  or  until  dot  corboiu  Uuvd  boon  In- 
troduoed. 
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tl9.  41.— Slemons  iHitfrr- 
ential  lamp. 
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derived  current  act  simiiltnneonsly  in  two  oppoait«  clirw^tions, 
so  that  the  difference  lietween  their  relative  effects  regulates 
the  upx'^i^tus. 

Aa  in  the  ArcUereau  model,  only  one  of  the  carbons  movea. 
The  electro- magnetic  i*egulator  is  composed  of  t\vo  solenoids, 
placed  one  in  prolongation  of  the  other  and  oppositely  wound, 
the  lower  ciue  hxtving  a  whort  and  thick  wire,  the  upper  one 
luivuig^  a  long  and  fine  wix-e  whose  resistance  ia  nearly  a  hun- 
dred times  greater  than  that  of  the  principal  current.  They 
contain  a  soft  iron  lube  which  can  move  freely  up  and  down, 
and  whose  weight  in  balanced  by  that  of  the  other  raovablej 
pieces  of  the  apparatus.  Upon  this  tube  and  in  the  middld 
of  the  sjmce  which  sejiarates  the  solenoids  is  articulated  a 
lever  which  controls  the  movements  of  the  movable  carbon,  | 
As  is  evident,  the  tube  is  attracted  by  two  opijoaed  forces, 
and  the  equilibrium  depends  only  on  the  relation  of  the  re- 
sistances, a  i-elatinn  which  remains  the  same,  whatever  be  the 
variations  in  intensity  of  the  current.  A  small  piston,  which 
compresses  the  air  in  a  cylinder,  insures  the  steadiness  of  ita 
movements.  By  this  system  ten  lamps  can  be  placed  (m  the 
same  circuit,  and  indei'ondence  of  action  Ix;  maintained. 

Differential  lamps  represent  the  last  phase  of  progress  in 
pegulatore,  and  we  have  only  to  note,  as  a  final  improvement, 
the  location  of  the  arc  below  the  machineiy,  which  makes  it 
possible  to  suspend  the  lamp  and  lietter  utilixe  its  light  The 
use  of  a  singlt;  movabh?  carbon  has  been  returned  to,  because 
it  has  l>eim  n'Mugnm-ni  tliat  thi'  fixed  position  of  the  luminous 
center  in  space  was  not  really  indispensable  except  for  opti-| 
cal  ajiparattis  ur  mathematical  ivflt^f^toi-s.  In  ordinary  light- 
ing, the  displacement  of  this  cent4?r,  due  Ui  the  C(mHum|)ti(»n 
of  the  fixed  carbon,  is  much  the  h*ss  appreciable  Ut  the  eye,  aa 
the  lamps  are  generally  at  a  c<mHider.iblc  distance  ;  in  the 
case  of  lighting  by  reflection  on  stji^^es  it  is  (tf  no  importance. 
In  simplifying  the  mechanism,  the  certainly  of  working  is 
increased,  and  the  piice  of  the  apparatus  is  diniinisheil,  and 
this  is  to-day  the  jirincipal  question  to  be  solveil  in  electric 
lighting. 

Inventoi's  hav^*  availe<l  themselves  of  all  these  successive 
improvements,  and  excellent  pieces  of  apparatus  were  to  be 
found  at  the  Exhibition  of  Electricity,  giving  a  reasonably 
uniform  light,  its  long  us  the  current  Hui>plj'ing  them  ex- 
perienced no  extreme  changes.     We  shall  cite,  among  others, 
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The  Pilsen  lamij  alno  t-eseinbies  the  Siemens  type;  H 
CtmtiimH  two  Hiiijei-imposed  .sulfnoids,  one  wiili  thirk  wire, 
t!ie  other  with  tine  wire.  The  tipi)ei'  positive  carlxin  is  the 
movable  one,  but  the  lower  carbon  receives  a  slight  lift- 
ing movement  desHnwl  to  prfiduce  the  separation  when  it 
drops  again.  The  pinning  annature  is  of  peculiar  slia])e ; 
it  is  formed  of  two  eIongjit^.'d  cones  united  at  their  l>ades 
so  as  to  form  a  species  of  spindle.  M.  Krizik  has  found 
that  with  an  armature  of  this  shay>e  the  attraction  exer- 
cised by  a  solenoid  remains  equal  for  all  pttsitions  of  the 
armatui-e. 

In  the  Gerard  lamp  (Pig.  42)  the  upper  carbon  traverses  a 
tubular  electro-magnet  placed  above  the  apparatus,  and  de- 
scends freely  by  its  own  weight ;  but  its  descent  is  govcmwl 
by  a  screw  acting  as  a  brake  and  placed  at  the  end  of  an  articu- 
lated lever  whose  other  end  carries  the  amnartire  on  which 
the  electro- magnet  acts.  An  opposing  spring  draws  Imck  this 
screw  and  seta  five  the  carbon,  when  ihe  derived  current  grows 
weaker. 

Between  the  uprighls  of  the  frame  which  carries  the  lower 
carbon,  and  Imuiediately  below  iht;  electro-m;ignet,  is  secured 
a  transverse  bar  of  insulated  intu  which  constitutes  a  second 
armature.  At  startiu^r.  the  curbomf  are  separated  ;  the  derived 
cuiTent  actuates  the  electro-magnet  which  draws  together  the 
two  aiTnatures;  one  sets  free  the  upper  carbon  which  de- 
scends, and  the  other  raises  the  lower  carbon  ;  the  ]>oints 
touch ;  when  the  cun^nt  passes,  the  electixf-magnet  grows 
weaker,  and  the  two  armatures  are  drawn  back  by  their 
re8|»ective  springs.  One  presses  the  brake-screw  up(m  the 
upper  carbon  and  holds  it ;  the  other  descends,  drawing  with 
It  the  lower  carbon  ;  the  ivsulting  separation  creates  the  ai-c, 
and  the  movements  thus  continue. 

Tlie  Brush  lamp  has  a  lower  fixed  carbon  ;  it  has  only  one 
solenoid,  on  which  two  wires,  a  thick  and  thin  one,  are  wound 
in  two  layera,  but  in  opjKisite  directions.  The  upper  carbon 
frce!y  descends,  but  the  rod  which  sustains  it  [msses  through 
a  metal  ring  which  only  permits  the  descent  when  it  i.s  hori- 
zontal. When  it  is  raised  obliquely,  it  binds  upon  it,  and 
not  only  slojis  the  descent,  but  raistis  the  carbon  the  necessary 
distance  to  make  the  sejiaration  aud  produce  the  arc.  The 
Bolenoifl  contains  ;i  s«ifi  inm  lutie,  jinivideil  with  a  luHik, 
which  effects  this  lifting  at  the  proper  time,  under  the  differ 


MULTIPLE  LIGHT,  OR   DIVISION,  ItEGDLATORS. 


88 


ential  action  of  the  arrrartion  exercised  by  the  derived  current 
iVm.  43). 

To  prevent  the  sudden  descent  of  the  ciirbon-holder.  and 
to  cause  it,  on  the  contrary,  whUe  it  is  free,  to  descend  with  a 
continiions  and  slow  motion,  the  upper  part  of  the  ix>A  is  hol- 
low, and  the  tiil>e  tbiiH  funneil  is  filled  with  glycerine  (Pig. 


<^^^ 


.-S, 


C] 


Kw.  tf.— Brui>h  iBBip. 


fto.  44.~Varlicat  Motion  of  tba 
Upper  ctirboiv4«(l. 


44).  Fnun  the  top  of  the  chimney  which  covers  it  a  rod  de- 
scends, cari'^iiig  a  Hnutl)  cnpiier  Ijell  funning  a  piston,  and 
only  leaving  a  Blight  annular  jussage  for  the  liquid ;  the 
resistance  due  to  the  narrowness  of  the  passage  regulates  the 
movement. 


THE  VOLTAIC  ARC. 


Fm.  «6.— KdMiw  of  Uw  two  arboD-f^Ja  v>  mch 
fitixr  In  Uto  dauUe  Ump. 


~*V. 


Fia.  4C.~Bru>Ii  (kmM«  iunp. 


The  aame  moans  is 
employed  t<»  makti  the 
movements  of  the  plung- 
ing iinnatiire  of  the  sol- 
eiioul  easy,  and  the  little 
rylinder  lUIeii  with  j!;lyc4ir- 
ine  to  wlueh  this  is  r<)nnetrt- 
itl  may  Ik*  seen  in  front 
of  the  hobhiu  (Kig.  43). 

A  third  Hmgiller  boli- 
hiu,  visible  in  fntnt  of  the 
meehaniBm,  is  plaoed  in 
the  same  eircuit  of  deriva- 
tion. It  offers  a  slightly 
Inereased  resistance,  and 
only  comes  into  artion  to 
close  a  safety  coninct  in 
cflse  a  too  prolonged  in- 
teiTiiprion  of  the  voltaic 
arc  would  exjx)*.'  the  de- 
rived-circuit, wire  to  the 
danger  of  being  humed 
by  too  gnmt  an  increase 
of  current. 

For  lights  of  long  du- 
ration the  Brush  lamp 
contains  two  pairs  of  car- 
bons very  ingeniously  ar- 
ranged. The  secxind  pair, 
governed  by  the  same 
meehanisni,  do  not  act 
until  the  first  areinojieru- 
tioD,  and  thai  in  the  aim* 
plest  jwssible  manner,  by 
mea ns  of  the  distance 
miiintaiuiMl  !>efween  them 
by  the  differenre  of  height 
existing  lM>[ween  the  two 
hookjt  which  raise  the 
rings  (P'ig.  id).  It  ftillows 
that  only  one  of  the  car- 
bons  is  raised  :    the    arc 
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hole  for  the  carbon  to  pass  through.  This  lerver  constitutes 
onc^  pHi-t  of  an  artieuhitt'd  jiamllelograra,  rme  of  whose  sides  is 
ul  iron,  and  nets  iia  amiatiire.  Tliis  is  acruated  by  an  electn)- 
ma^et,  whose  branoh<_':s  aiv  wound  nlteniately  with  thick  and 
thin  wire,  so  that  it  is  still  the  differentlid  action  of  the  two 
rurrenl.'i  which  governs  the  inov«^ment.s 
of  the  iirmatuix?,  and  consequently  the 
movement  of  the  apparatus.  A  small 
phIn^e^,  moving  in  a  cylinder  filled  with 
glycerine,  serves  as  moderator. 

(In  the  lamp  now  used  by  Mr.  Wes- 
ton the  magnets  are  not  dilTei-entially 
wound,  but  the  main  and  shunt  mag- 
nets are  arrauffed  so  as  tu  mutually  op- 
pose tlic  effcor  of  each  other  in  moving 
the  upper  carbon-rod.  Tlie  mechanism 
of  this  lamp  is  slidwn  in  Fig.  52,  and 
the  mode  of  action  more  clwirly  in  the 
section  in  Fig.  53.  'ITie  carbon-rod  R 
is  gripped  by  a  clutch,  shown  in  section 
in  l*ig.  54.  operated  by  the  iron  cores 
of  the  main  circuit  magnet  A,  and  the 
ehunt  or  fine-wire  magnet  B,  through 
the  metliuni  nf  the  lever  L.  This  lever 
is  raised  by  the  core  of  the  main  mag- 
net^ when  a  current  is  8ent  through  the 
lamp,  causing  thepie<M'  I  to  bind  against 
the  rod  R,  which  is  then  canied  upward 
by  the  further  movement  of  the  core. 
As  the  arc  lengtliens,  llie  shunt-magnet 
B  becomes  strong  enough  to  cheek  the 
movement  of  the  lever  L,  the  two  mag- 
nets being  in  equilibrium  when  the  arc 
is  of  normal  length.  With  the  elonga- 
ting of  the  an-  due  to  consumption  of 
the  carlxms.  I  lie  j«jwer  of  the  magnet  B 
increases  and  di-aws  up  its  end  of  the 
lever  L  and  carries  down  tUe  c;irbon-rod.  When  this  reachfts 
a  position  in  which  the  piece  I  ceases  to  bind  on  the  rod, 
this  is  allowed  to  slip  downward,  and  the  carl>on  feeds.  A 
dB^h-pot,  1),  serves  to  prevent  too  sudden  movements  of  the 
lever  1*. 


.^ 


Fio.  40.— WefeWn  tsmp. 


88 


THR  VOt-TAIO  ARC. 


A  lamp  of  the  same  olnaa  is  that  of  the  Fnllnr  Company,  de- 
sired by  Mr,  J.  J.  Wood.     Its  constriirtion  is  »bown  in  Pig. 

it  B,  rod  DfUic  uppr-r  nu-hnn^hnltlur. 

C  C  C,  cnn'ol  )ovc^r  pi^msl  with  >  twiu  tiir»ii|ili  whloh  tbu  mtl  R  B  pouMW. 

A  A.  aranturo  nbk-h  in  flutteneil  W  tlie  l«vwr  C  C.    The  dpriiifpi  O,  N,  whicti  nuHbdn  it,  onljr 
pennit  rertiml  movement*. 

8,  fiffC^kHf-nfriag  whlofa  h**  ite  WtiKon  Tv:iulniv'i  t'v  a  Kcrvw  w.'tiiii;  od  mi  «lbow-]evur. 

H  M,  «l«ctro*liii^nat  whniw  liraiicluwitRi  wuuud  «ltcruaU!lj'  by  n  tliiulc  uutl  a.  tJiin  wire  (Fig. 

(1).  Tliow  wins  lire  wound  In  ra- 
vtnm  diroction*,  niii'  rmm  the  (lUi^r, 
Slid  thr  iwiinii  of  thi  cU-i^tm-mAf^ut 
depeiidM  '>u  iliv  dilfuivutial  uvtlou  uf 
tlut  two  cumntii  wliioh  trsvcnic  thorn, 
the  main  current  in  the  thick,  uid  tb« 
dnrivnl  current  in  ibn  Ihiti  win. 
(;,  tiiDVAtilc  iii.-lfrii  wfirkine  in  n  nnal] 
t<ylin<iiir  Atk<d  wltb  irboeiiue ;  the  fimI 
i>r  (bi>  iiiDtnu  b  fitstcDod  to  the  iLrma> 
luni  A  A. 


I  *  Fiwt  W4f 


CMMKdr    ' 


"U" 


Fm.  M.— Dclnil*  «l  th<-  ineubuilflm  of  the 
WcetoD  lun)). 


\t^ 


Pio,  ni. — Seclinn  of  niiu  orttif  diflbr- 
cntial  tnuifiiot«  ortbi'  Wentoci  hunp. 


P,  pidn  rlcw  of  tliB  round  phttoa  which  form  tint  pinion  C ;  llittni  Hre  twn,  ona  fliod  on  tlit 
|i)«l«n-nHl  kDd  ifaL>  nt)i«r  tnovAble.  Hoch  hna  tbnw  tHan^Ur  n<>t«hc».  Mid.  by  turning 
tJie  morabls  p1ui«,  llio  idi»  of  the  openini^  'i*  rr^lntnd.  Tha  raelvUnoe  whloU  th»  i^nlon 
«Abn  lo  duplaoraicnt  tiiroii)(b  the  gijcvrimt  pmrcnt*  Iho  too  ftudd«n  mm'ODMal*  of  th« 
ttnnAtnn. 

Ah  1oa(t  III*  Ihi'  Bpjoiruliui  ih  iu  utirmsl  ucciuat,  tliv  Hdioii  "f  ttio  innin  ciiTrmt  in  in  tli« 
MMtwlsnt ;  ibt-  luvi^r  *'  C  is  t»l»cd  up  by  the  anuatiire,  tin'  timI  K  U  hiiiil"  in  the  hnlo,  and 
rcnuLiu  iiumovuhle.  If  the  niuio  oumnl  (frowa  wcali.  thi.-  dehvMt  t-utrctit  iricroonoii. 
anil  produoM  tli»  r^'cnw  artinn  ;  iKi*  aminlun<  loft  ftv-i'  \r  drnn  ii  hiwk  h\  ita  ^prluu  S  ;  UiU 
lever  C  r  lowers,  and  Ums  rod  It  l<  l«  nllowivd  to  dnifTiid,  t'tider  thi'  ditTorxititia]  action 
of  the  twu  ourrvnln,  tJie  lover  C  (*  toliv*  ■  jwrniBneut  iiit^-nririliary  jimiitiou,  whirb  p»r- 
mits  thr  car biiti -holder  Id  vHdv  nlnwly  iti  a  <.Miiliiiuiiu«  maiiiivr.  Il  douN  nut  dcactMid  vn- 
tifvly  oxvdpt  wh(tD  thu  voltuic  ujv  \b  outtn'ly  brokcu:  Id  thin  I'aHeihe  riBioe  iipof  tht-  luvcir 
0  ('  drawk  the  rnd  hofk  KulHi-ii  ntl;  to  prodimr  Che  ■H-pnmti>nii  iionsi)ia.rF  (or  ivllKbliUK- 


6fi,  and  tlm  n»hittou  of  the  various  jiarls  in  thp  dia^im,  Ftp. 
fiO.  'File  rimnertion  of  the  coutitdlinfc  nioohanism  with  thi* 
upper  carbon-holder  is  effected  by  gearing  in-stcud  of    by 
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meaiLs  of  a  clutch,  as  ia  the  laHi^js  of  BniHli  and  Weaton. 
This  carlion -holder  is  a  toothed  har  or  rack,  into  whioh  gears 
a  ]>inion  (;oiinect«'d  with  a  tniiu  of  wheel-work.  It  moveadown- 
ward  by  its  weight,  this  movement  being  governed  through 
the  intennediation  r»f  a  i)!iwl  arting  on  one  of  rlie  wlieels  of 
the  train  by  the  electro-magaetir  appai-atu-s  shown.  In  Fig. 
Sft,/'yare  the  main  magnet-s  placed  in  the  arc  circuit  and  wound 
with  CTWirse  wire.  The  fine-wire 
magnets  /i,  h  ne'e  plnce^l  in  a  shunt-  [| 

circuit,  and  oppose  by  their  action 
the  effect  of  the  main  magnets. 
The  current  enters  at  //,  passes 
down  by  the  holder  e  c,  through 
the  air,  aniund  the  main  niagnet.% 
and  imt  l<>  the  next  lamp  at  n' .  A 
rocking  lever,  j,  tyirrying  the  arm- 
ature I,  serves  ti>  control  the  de- 
scent of  the  upper  carbon.  The 
carlx>ns  being  together,  the  magnets 
ff  are  excited  on  the  passage  of 
the  current  and  attracts  the  arma- 
ture i.  This  movement  separates 
the  carbons  and  establishes  the 
arc.  The  winding  *>f  the  shunt 
and  main  circuit  magnets  is  such 
that  the  strength  of  these  magnets 
is  the  same  when  the  arc  is  of  nL»r- 
mal  length.  ^Vhen  the  arc  exceeds 
this  length,  the  attraction  of  the 
shunt  magnets  becomes  greater 
than  the  main  ones,  and  the  arma- 
ture i  is  altrat'te<l.  allowing  the 
lamp  to  feed. 

The  switch  h  enables  the  lamp 
to  be  tume<l  nut  by  hand  when  (ieslred.  by  throwing  Its  end 
over  so  as  to  make  contact  with  «.  the  cunvnt  then  passing 
directly  from  a  to  a'  tlirotigh  the  contact  o  and  lever  A.  This 
switch  is  operated  by  turning  the  key  h  CPig.  flo). 

The  ortlinaiy  form  of  the  single-carN)n  lamp  is  shown  In 
Pig.  57. 

The  single-carbon  lamp  Is  converted  into  a  double-carbon 
one  for  all-night  opcmtion  in  a  very  simple  manner.     It  is  also 


Fia.  &t.— alvcbiiniian  of  Uu  WeMMi 
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Tire  VOLTAIC  ARO. 


conatriu*t«l  for  use  in  reUectors.  In  tUia  cawe  both  carbons 
are  moved  toward  each  Lither  in  pro|)orrion  to  tlie  w:iat4', 
the  upper  one  inuviug  at  twice  the  rate  of  the  lower.     Aa 


Fm.  K.— Vertical  wdlgn  ol KiMmtluti  ytm  eObs  Vcetna  lamp. 

both  rarbons  are  positively  controlled,  this  lamp  can  be 
used  in  situations  where  it  will  he  subjected  to  constant 
jars,  sueh  as  in  the  head-light  of  a  hM-<>motive.] 

Here  we  shall  stop  this 
enumenition  ;  it  would  re- 
quire a  volume  to  de.scribe 
all  the  apparatus  which  can 
give  a  good  light.  The  Elec- 
trical Kxliibition  contained 
eighty -six  different  types, 
iimong  which  we  must  cite 
srill  thf  Berjot  and  Cance 
lamps.  Unfortunately,  the 
ftB.  M.— ciuWiofuie  w«toiii«np.         regtilatiou  itnd  maintenance 

need  special  workmen,  very 
skillful  and  very  careful ;  besides,  the  original  coat,  with  the 
indispensable  accessories,  is  always  quite  high :  for  this  reason 
the  use  of  regulators  ba»  great  difficulty  in  l>ecc'ming  genera,!. 


HI.    Automatic  SAFfn-Y  AppAUATrs. 

In  lamps  with  derived  circuit,  nnd  in  differential  lamps, 
the  emplojTnem  of  a  line  wire  ff>r  the  ilerived  i-ircuit  requires 
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the  addition  of  a  safety  cont-oct,  whicli,  in  rase  of  accident 
t«  the  mei'lianism  or  to  the  carbons,  opens  a  passage  for  the 
ciureut.  iu  elTect,  wliUe  the  principal  cuiTent  is  interrupted 
by  a  prolonged  i-essation  of  the  voltaic  axx%  tlie  current  tmds 
only  one  way  to  pass,  namely,  the  derived  current  cii-cuit, 
and  can  not  pass  in  sufficient  quantity  to  sup])ly  the  other 
apparatus  upon  the  same  circuit ;  besides*  if  this  passage  of 


Via.  U. — MMhaninin  of  Uio  Wood  lamp. 


an  intense  current  in  a  wire  q£  too  high  resistance  were  to  last 
too  long  a  time,  the  wire  would  heat  and  might  even  be  de- 
stroyed. 

To  prevent  variations  in  the  intensity  of  the  current  from 
causing  general  extinction,  the  extinguished  lamp  must  be 
replaced  by  a  resistance  equivalent  to  that  which  it  i-epre- 
senta,  with  the  maximum  length  of  arc  admitted  by  its  regu- 
lator. 

To  satisfy  all  the  exigencies  of  electric  lighting,  a  certain 
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rnimber  of  erapplementary  apparatus  have  b«en  invent^ti,  of 
all  which  we  shall  only  examine  the  automatic  devire  of 
G6rard,  and  Mersanne*8  safety-box.  The  automatic  lighter 
of  Reyni»?r  (;<>mfa  also  in  this  catt^ory,  but,  as  it  is  designed 
for  another  Kystern  of  lighting,  we  shall  study  it  at  the  same 
time  with  th*^  lamps  in  connection  with  which  it  was  designed 
to  operate. 

Gerard's  automatic  ap{«u-atus  lias  for  its  object  the  cutting 
out,  in  case  of  accident,  of  the  lamp  to  which  it  is  appended, 


Flo.  SC— Dbttnm  of  the  working  r^rta  of  iha  WmmI  lamp. 


and  the  opniiinf^  of  a  direct  passage  to  the  current,  so  qnicfcly 
that  the  other  lamps  on  the  same  circuit  shall  not  be  affected. 
It  consists  of  a  straight  electro- magnet  whose  bobbin,  wound 
with  Hun  wire,  ly.is  a  higher  resistance  than  the  lamp ;  of  a 
sliding  i)itKM?wirh  two  roils  sliding  through  in.sulating  rings 
in  two  Clips  contaiuhig  mercury ;  of  a  jointed  square  frame, 
carrying  on  one  side  the  armature  of  the  elect  to- magnet,  on 
the  other  the  hook  which  holds  the  suspended  sliding  piece. 
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If  lh€  lamp  becomes  extinguished,  the  ciurent  passes 
through  the  elect  rij-magmet ;  the  armature  is  attracted  and  the 
h<H»k  relea«tw  the  slider;  the  rcMis 
fall  into  the  men- iiry -cups,  uiid 
the  current,  leaving  the  electni- 
magnet,  iKi»»es  direc^lly  thn^ngh 
the  mereury  ami  the  rtKLs ;  by 
pressing  uu  a  vertical  rod  plaiied 
below  the  slider,  the  foiiner  cir- 
cuit i«  re-established  and  the  lamp 
is  lighted ;  a  secdud  nxl,  rtwting 
on  the  armature,  [wrniits  the  un- 
locking ti»  !«?  done  liy  hand,  so 
that  the  apparatus  tmu  l)e  useii 
as  a  H\vif(!h.  Tliere  is  utHMl,  of 
course,  of  one  ffir  e^ch  lump. 

The  saCety-bos  of  M.  de  Mer- 
sanne  g(»es  much  further  in  iti* 
Hui'veUlance ;  in  case  of  accident 
tending  to  intermiJt  the  voltaic 
are  f(jr  a  long  enough  time  to  ex- 
pose the  derived  current  wire  t<) 
the  danger  of  l>eiug  burned,  such 
aa  the  breakage  ot  a  cariion,  for 
example,  it  so  substitutes  itsidf 
for  the  lamp  as  to  protect  the  de- 
rived cin^uit  parts  without  inter- 
nipting  their  action.  It  follows 
thati,  if  ut  the  end  of  a  certain 
number  of  hours  the  lamj)  is 
again  ready  to  operate,  it  assumes 
once  moi-e  its  jilace  in  the  circuit, 
and  the  safety-lH>x  ceases  to  act, 
and  is  then  in  condition  to  a^ln 
work  whenever  it  may  be  neces- 
sary. 

This  apparatus  is  composed 
{Fig.  SOI  of  an  electro -magnet, 
one  of  whose  arms  is  wound  with 
thick  and  the  other  with  thin 
wire.  This  last  forms  a  second  derived  circuit  which  does 
not  act  unri!  the  principal  current,  being  broken,  flows  in 


Pm.  ST.— Wnod  slDt'Ie  limp. 
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resistance  of  the  arc  with  the  maximum  s«^I>araiiou  of  the 
carbons  that  is  caused  by  the  r^ulatar.  The  choice  am()ng 
equivalent  resistanGeR  is  not  an  indifferent  one  ;  that  which 


P  P*.  <1«<3tT«-iiuirDot  wiiMo  ftim 
V  to  wound  witli  thick  wira, 
md  pliuKt  In  tbi;  volulo  ve 
dreull.  ThcannrUwoiniJ 
wtlh  fln«  win  and  t>UK«d  lu 
the  durived  dn-iuL 

C,  MiUKtunt  working  Iwtwuejl 
ODDULl-iiointa. 

T,  mipport  "f  iho  nmtttura. 

8,  licnt  i'0|i{tor  wir«  cnnDvcting 
Hid  >n&Klur«  <  -  to  Uiovuppon 
T,  and  inaurinK  tlio  |i«Ka|t(i 
oT  th«  camnl. 
I  Z^  corrofBted  |ilittc  of  wt'F^'f  "f 
■ulfieuiDl  BOctiuD  for  the  |iu»- 
Mg*  of  thu  mrrorit ;  it  in- 
aun«,  by  iu  floiUiilicy,  a 
perfect  ointiiL-C  at  K ,  uid  ab- 
■arbi  the  vihnitloni)  which 
ndKhl  ba  prnduetwl  Ed  the 
anriftluro  C  t^  tho  um  of 
altcmUitiit  cuiTODta. 

K  K',  bluvks  at  grBphite  b»- 
tweea  which  the  Bofetf-oan* 
tMttii]i«i|>liu--o.  Thufrraph- 
lt«  Is  uatd  hum  buoiute  It 
ion  not  oxidlio  at  hi^h  unn- 
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penihtmi,  niid  tii-ttiir  roii.'ttji  the  l>ru*d(ngo->iiarlcii  wbiub  np|>csr  lictnrueii  tbi>  two  Uock* 
aioh  tlino  Ihi^y  urt  sqwratt'd.     It  is  quLbo  s  goai  oonduetor  cepL'ciaJly  whoa  hcfilod. 
,  S  S',  Bupponiu^riutp  of  tbu  iimpkito  Mooka. 
I  r,  Kpriiij;  oppiMini;  Ihu  armatiii*. 
f«  d,  bindimr-Mmva  for  the  rorulBtor-w irs«. 

h  n,  |»iubi  or  altoL-lintrnt  oT  tlia  thkrk  win)  of  th«  arm  P'. 
%  aaxlliar;  raabtiuiiv-colt. 

b  e,  pninM  (>f  attHclimoul  oftkH  wire  oftho  rwinULiiw-ooll. 
B',  Mfct;  conluft. 

\v,  Kirew  verviutf  to  limil  ibo  motions  of  the  unniituni  ■'. 
13  O',  nialid  pIhUv  rcpliuuiiK  tho  wood  uf  lUe  «p|>iiraliiH  in  |ibuw»  u-bcrn  it  iui|{Iil  tw  bunted 

17  tbe  ;niph)I«  blocts  hcfttlni;. 
i,  wooden  vuppoit  of  ibu  eliK-tro-msKUot. 

Tbti  (Ivrivfid  circuit  of  thn  nufrtj^box  tian  hi|[hiir  n»iiitiinr»  ihnn  that  wbidi  •otiialcw 
tbo  ciectm-ma^ni^tii  nT  tho  rc^Utor;  it  nnlj  pttrmiu  the  L-iimnt  to  [^ttJlM  U',  in  ooruta- 
qncacc  of  pn>1ouj{vd  Ltii(Trni|itiuu  of  the  valiu!>u  mrv,  ihe  vtimai  flown  In  oko«)w  ihmugh 
Ibo  bwt ;  then  thu  1*11  uirvulu  an^l  tO){athi?r ;  tinr  actuulut  Ihu  Wotj'box ;  ibc  nthcr  ood- 
tlnucs  to  aotUiUD  tlie  n]K\ilator.  The  poaNtffv  of  thi<  imun  cunvnt  thruujth  tkt*  thick  wire  of 
the  arm  I*  i«  otiljr  radabliahod  after  oontnci  at  E  lictwiva  tbu  frrnphiti!  blocks  titkee  pinoo ; 
it  ban  for  end  to  reinforeo  tl»  anTactlon  of  tho  arnuilun!  C,  xad  insiin  u  better  wutact. 


produces  the  leant  heating  should  be  preferred.  M.  de  Mer- 
sanne  has  oliservtid  that  the  best  condition  was  to  givo  the 
wire  of  the  i-bsitttance-coil  the  same  length  and  thiukncRs  an 
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that  of  the  induction- wire  in  whieh  the  current  isorigiDally 
produced. 

Graphite  is  used  here  just  as  mercury  was  in  the  pre- 
ceding apparatus,  because  metallic  con  tact- pieces  would  be 
burned  and  even  soldereil  t<igether  by  the  powerful  spark 
which  is  produced  each  time  the  auxiliary  circuit  is  broken 
by  the  play  of  the  apparatus  itself. 

The  arm  of  the  el ectiT) -magnet  that  is  wound  with  thick 
wire  is  placed  upon  the  auxiliary  circuit,  and  has  for  object 
the  re-enforcement  of  the  attraction  of  the  armatui'e  and  the 

rendering  of  the  contact 
jmc    of  the  graphite  blocks  bet- 
*•        ter  and  more  certain. 

These  safety-boxes  can 
bt^  placed  anywhere,  no 
matter-  how  fa.r  from  the 
lamps,  in  tlio  U)rality  of 
I  he  machines  for  example ; 
they  then  serve  to  control 
the  geneml  lighting.  It 
follows  of  itself  that  the 
resistance-cfiil  can  be  sup-i 
pressed,  which  rwluces  the 
safety-box  tt>an  automatic 
regidator.* 

[The  Bnwh  aut-omatic  cui-onf  is  shown  in  the  diagram 
(Fig.  CO).  The  normal  course  of  the  lighting  current  is  from 
the  terminal  x^  llirough  the  <y)ar8e-wire  helix  of  the  regn- 
lating  raagnel  H,  H,  thmugh  the  carbons  and  out  by  the  tx-^r- 
minal  y.  When,  however,  from  any  cause  the  path  tliroiigli 
the  carbons  ceases  to  be  available,  llie  current  is  diverted 
around  the  arc  through  the  path  f<tnned  by  the  spiral  11,  the 
lever  B,  and  coil  T.  This  is  accomplished  by  means  of  the 
electro-magnet  T,  which  is  wound  with  a  thick  and  fine  wire 
coil,  both  in  the  same  direotion.  The  fine  wire  is  in  the  same 
circuit  as  the  fine-wire  differential  helices  of  the  regtilating 

*  [AH  the  woocHifol  modern  liinpM  u-«  prcrld«d  wiUi  %  nStij  apparattiii. 
This  10  termed  Id  tliis  i^oantry  sn  automatic  cut-out;  \t  wrvM  •imply  U>  uato- 
mfttiooll;  provide  ■  putli  luvjund  a  dutoctU-u  hinip,  uud  doiia  nut  iatruduce  a 
nristtcoe  erinal  Ui  that  of  the  lamp  iivStcihed  ont,  or  otherwise  roFfuUto  tb« 
rarrent  IrHTerning  tbe  circuit.  Tliis  U  done  by  appamtu*  vrtin^  u}ion  the  gffOf 
eraUDg  dTDamo.! 


Fto.  90.— Du^{nun  of  Bni«Ii  lamp  mnnectioiM 
anil  c-ut-tiai. 
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magnet  H,  U.  When  the  arc  greatly  elongates,  the  magnet  T 
is  sufflciently  excited  to  attract  its  armature  A  on  the  end  of 
the  lever  II.  Tliis  brings  togetlier  the  tw<i  c<mia('t-)>ipces  M 
and  M',  and  the  cuirent  then  liaw  a  jKith  between  tlm  two  ter- 
minals x  and  jy,  rhroiigb  the  thick-wire  coil  of  the  niagn(?t  T. 
This  path  will  remain  dosed  as  long  as  that  through  the  arr 
is  inteiTupled,  as  the  attnuttion  of  the  magnet  T  ket'ps  tlu'  con- 
tacts M,  M',  togetber. 

The  Weston  cut-out  is  shown  in  Pig.  61.  It  consists  of  an 
electro-magnet  in  the  main  or  arc  circuit,  arranged  so  as  to  al- 
low its  armature  to  ditip  down  and  slmrt-circuit  the  lani)), 
when  it  ceases  to  be  active,  owing  to  abnormal  lengtheniag  oC 
the  arc.  A  coarse  coil  in  a  shunt-circuit,  wound  over  the 
main  coil  and  in  I  he  same  directittn,  serves  to  cause  the  electro- 
magnet t<i  act  more  quickly  in  opening  the  short  ciiTuit  when 
the  lamp  is  stalled.  'Hie  ap|>ar<iLus,  which  is  in  a  v6r>'  com- 
pact form,  is  usually  placed  nn  the  upper  frame  of  the  lamp. 

The  cut-out  of  the  Wood  lamp  is  shown  in  Fig.  56.  It  con- 
sists of  a  lever,  i,  arranged  sci  as  t<i  iri\)  the  curved  lever  vi  and 
close  the  cii-ciiit  at  w,  when  its  end  is  mised  by  the  pin  i'. 
This  pin  is  carried  by  the  armature  t,  and  stands  verticaJly  in 
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front  of  the  )«irbon-rod  p.  The  armature  i  is  attached  to  the 
rocking  levery  (Fig  55),  so  that  it  has  a  vertical  play.  As  ex- 
plained in  des{!ribing  the  lamp,  the  shunt-magnets  h  h  grow 
stronger  as  the  arc  lengthens  and  attract  thearmatui*  /.  The 
ro(!king  lever  J  follows  their  movement,  ami,  by  <loing  so,  allows 
the  lamp  to  feed.  Strips  on  this  Ifver  prevent  itgoing  ujiward 
moi%  than  a  determined  distnnct?,  but,  on  account  of  the  vertical 
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play  of  the  armature  *',  this  can  coDtinue  to  move  upward  "aii- 
der  the  attraction  of  the  makers  hh.  When,  therefore,  the 
arc  liecumt^N  of  abnormal  length,  the  armature  i  is  drawn  clear 
up,  and  the  himp  ahurt-circuited  through  n.\ 


ClUPTKR  VI. 


TBIC  JABIVCUKOFF  CAlfDlS. 

Ow.  of  the  principal  reafMfns  which  for  a  ]on^  time  re- 
Carded  the  proffreH8  of  the  electric  light  was  the  necestdty  of 
employing  mechanical  rt^iilatx>rs  for  bringing  together  pro- 
gresaively  the  carbon  rodK  between  which  the  voltaic  arc 
played.  We  have  seen  in  the  preceding  chapter  that  theee 
regnlatorri  have  been  successively  improved  and  at  the  same 
time  simplified.  But  they  always  present  a  complication 
which  moHt  people  regard  with  distrust.  Things  were  in  this 
state  wmie  live  years  ago,  when,  in  IttTfl,  a  Riieaian  officer,  M. 
JablochkofT,  found  a  way  of  entirely  obviating  these  troubles, 
and  thu.'f  put  the  electric  light  on  the  footing  of  daily  practi- 
cal use. 

The  great  merit  of  this  invention  is  its  perfect  simplicity, 
which  haM  impressnd  every  one,  and  silenced  those  who  wished 
to  H«e  in  the  Klectric  light  only  a  complicated  curiosity,  needl- 
ing the  presence  of  a  professional  electrician.  Inste-ad  of  plac- 
ing the  carbons  jMtint  to  piiint,  M.  Jablochkoff  plarod  t.liom 
parallel,  side  by  side,  which  gave  the  simple  apparatus  the 
sluix>e  of  a  candle,  and  HUggestetl  its  name. 

The  two  rttds  of  carbon  were  sejiarated,  as  is  understood, 
by  a  band  of  insulating  material  that  the  arc  could  not  pierce, 
and  so  could  oidy  be  produced  lirtween  (he  two  point«.  There 
was  no  hingor  any  necessity  of  arranging  for  the  approach  of 
the  carbons  to  each  other  ;  they  remHinc<l  always  at  the  same 
distance  as  they  hnmed,  and  it  was  enough  to  choose  an  iiwti- 
Inting  msittfrial  that  would  bum  away  and  disnppejir  along 
with  the  carbons  so  as  not  to  form  an  obstacle  in  the  path  of 
the  voltaic  arc ;  at  iirst  the  material  used  for  this  purpose  was 
that  <nit  of  which  china  is  niadf,  kaolin. 

The  apparatus  thus  constructed  could  be  placed  on  any 
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kind  of  a  chandelier,  by  in^eiliug  it  in  a  Bocket  just  a«  wonld 
Ite  dune  wllb  an  ordiaiiry  candle;  the  only  rBcj^iitruniHnt  is 
that  metallic  jMirts,  ariaaged  conveniently,  »o  as  t*)  imiduee  a 
contact^  should  bring  the  electiic  eiirmnt  that  penetnutes  by 
means  of  wires  in  the  standard  of  the  chandelier. 

The  lighting  of  the  candle  la  still  to  be  provided  for— tluit 
IB  to  say,  the  starting  of  the  voltaic  arc,  which  is  done  in  regu- 
lators by  causing  the  two  jwintJ*  to  approach  nntil  in  contact 
with  I'anh  other.  Such  approach  is  hero  impo.ssible.  t>ecau8e 
of  the  interposition  of  the  solid  insulating  ninterial.  To  effect 
the  lighting,  M.  Jaiilodikoff  reunites  the  two  ]x>int«  of  the 
electrode  nid.s  by  a  vtiiy  snijiU  slip  of  carbon  which  the  pas- 
sage of  the  current  brings  to  a  red  hcJit^  and  which  serves  as 
a  lejuler  for  the  voltaic  arc. 

Never theh'jis,  thi'  api)aratns  sucli  a^  we  have  described  it 
is  subject  to  one  great  difficulty.  We  have  seen  already  that 
the  wasting  of  th(;  two  csirbons  in  the  voltjuc  art^  Ls  unequal. 
At  the  end  of  a  very  short  time  the  two  carbon-potntH  would 
no  Iong«fr  be  opposite  eju-h  other,  and  this  distance  inrreasing, 
would  soon  rendiT  iaipossihh-  the  passage  of  the  current. 

To  obviate  this,  M.  .lablcurhkoff  tried  giving  the  iKisitive 
rtMi  of  ciirhon  a  double  tliickness  ;  this  rom|MMinatejl  very  well 
for  it.s  grejiter  rapidity  of  ronsum]>tion,  but  it  jiroduced 
anttther  inconvenience.  The  thinner  negative  irjirlnm,  offer- 
ing more  resistance  Ut  the  current,  grew  red  for  a  considenible 
part  of  its  length,  and  burned  up  rapidly. 

M.  Jablochkoff  then  liad  an  idea  of  as  remarkable  sim- 
plicity as  the  principle  of  the  wliote  system  :  it  wiw  to  change 
fivqnently  tlie  direction  of  the  current,  so  that  each  rod  of 
carbon  would  b*?come  att^'^mately  a  positive  and  a  negsitive 
pole ;  then  thi'  ctnisumption  on  bolh  sides  whoulil  be  e<iual. 
The  method  of  accom]>lishing  it  consisted  simply  in  the  use 
of  alternating  currents,  and  there  wa.H  no  trouble  in  getting 
them,  because  the  magneto-electric  machine  then  in  most  ex. 
tensive  use  and  the  moat  powerful,  prodnce<l  currents  of  this 
description. 

The  ap;>aratns  once  arranged,  all  its  parts  were  studied, 
BO  as  to  l>e  perfected  as  mtich  as  possible.  At  first  it  was 
surrounded  by  a  coating  of  insulating  material,  covered  in 
its  turn  by  asbestus,  to  restrain  as  far  as  possible  the  capri- 
cious course  which  the  voltaic  an*  might  ch(H>se  to  follow 
(Fig.  02) ;  but  this  same  fitful  arc  showed  itself  winter  than 
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air  ;  already,  so  to  say,  an  incandescent  light  was  produced. 
Unforrnnately,  this  arrangement  of  kaolin,  favorable  in  iteelf, 
entailed  a  considpnible  absorption  of  heat,  and,  in  conse- 
quenr-P,  a  considemble  increase  in  cost  of  maintaining  eai;h 
lamp. 

To-day  the  kaolin  has  been  replaced  by  u  mixture  of  two 
parts  of  sulpliate  of  lime  and  one  oE  snlphate  of  baiyta.  This 
mixture  ik  not  melted  by  tlie  current;  it  volatilizes  immedi- 
ately, and  thus  fiimiahcH  inrandesrent  particles  which  in- 
crease the  hri^jhtness  of  the  litjht  produced.  Besides,  it  is 
easier  to  manufacture  timn  kaolin  ;  it  c:m  be  moldetl  or 
diuwn  out  as  tiiHiJy  as  plaster,  so  that  two  workmen  can  make 
nearly  fifteen  thous:ind  Inniilatin^  pliUes  per  day. 

A  .liiblochkolf  randle.  then,  is  :Letiially  rom^Mwed  of  the 
following  parts:  Of  (wo  (!arl)i)u.s,  four  niiliimetres  tliick  and 
twenty-five  to  tliirty  centimeti*es  long,  always  rut  from  the 
same  Htick,  «<»  that  they  will  alwjiys  luiv!-^  the  .same  c<)mposi- 
tion ;  uf  a  colombin,  three  millimetres  wide  and  two  niilli- 
metifs  thick,  whose  rompoHJtion  we  have  alrejuly  given ;  of 
two  little  cop|)er  tubes,  llfty-five  millimetres  long,  split  paral- 
lel to  their  axis;  these  tulHiS,  into  which  the  earhfms  pcne- 
tnite  fifteen  niillimotpe.s,  have  for  object  the  insuring  a  perfect 
contact  between  the  cjirbons  and  the  jaws  of  the  candle- 
socket ;  they  are  themselves  joine<l  by  means  of  an  insulator 
four  o^ntimetres  long,  of  the  same  f<irm  as  the  colombin,  but 
madi'  of  more  S(»lld  paste  so  as  to  resist  the  pressure  of  the 
jaws.  The  whidc  is  bound  together  at  the  junction  at  the 
colombin  and  the  lower  insidator  with  a  paste  of  silicate  of 
potash  l»ase.  The  npper  ends  of  the  carbons  are  sharpened 
to  points  on  an  emerj'-wheel,  then  plunged  into  a  composition 
of  three  parrs  of  coke  in  fine  powder  imd  two  |>arts  <»f  plum- 
bago rnbi»ed  up  with  gum  water  ;  this  sjwcies  of  <yip  sen-ea  to 
produce  the  lighting. 

The  most  important  point  to  be  insured  in  the  manufacture 
of  the  candle  is  the  perfect  adherence  between  the  carbons 
and  colombin  and  the  solidity  of  the  latter,  tf  it  breaks  dur- 
ing the  burning,  or  if  a  piece  falbs  from  it.  or  if  it  is  more 
quickly  consumed  than  the  carbons,  the  points  remaining 
project  above  it  and  the  arc  descends  Into  the  cavity  thus 
formed ;  the  temiieniture  of  the  points  lowers,  and  the  light 
produces  those  reddish  tints  which  have  been  found  so  ob- 
jectionable. 
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Ka<;h  ««idle  is  carried  in  a  mctallir  pincers,  whose  two 
jawrt  are  pmiierly  insulated  ;  one  of  tliBse  jaws,  A  (Fig.  (\!i),  is 
hinged  and  is  pressed  by  a  spring  strong  enough  to  insure 

good  contact ;  they  have 
semi-rylindrical  grooves  in 
wliich  the  Imisa  tiilies  are 
received.  The  Hx*^  jaws 
are  united  to  the  same  sup- 
p4>rt  and  connect  with  a  sin- 
gle return  wire,  R  R. 

At  the  end  of  two  hours 
the  exlmuste^i  candle  must 
be  replaced,  and,  to  facili- 
tate the  oj)erdtion,  the  lamp- 
I>OHt8  have  several  candles 
arranged  to  succeed  each 
oilier.  The  globes  of  the 
Avenue  de  I'Op^ra  contain 
four.  When  the  first  can- 
dle goes  out,  a  commutfitor, 
hid<len  in  the  ^>i>t  of  the 
lamp-post,  protected  from 
interference  on  the  part  of 
iinaitthorized  jwrsons,  allows 
the  current  to  be  passed  into 
the  second,  then  into  the 
thir<l  and  into  the  fourth. 
The  light  can  thus  be  kept 
going  for  nearly  eight  hours. 
Sevenil  antomacic  ar- 
rangementi*  for  malcing  the 
cuiTeiit  itself  prodnce  the 
change  of  candles  have  !>een 
thought  of,  among  others  a 
mercury  commutator,  which 
we  will  describe  further  on ; 
the  duration  of  the  light 
can  then  be  much  greater 
if  then^  are  enough  candles 
providf^ ;  and  a  period  of 
eighteen  successive  hours, 
without  the  candJebta  re- 


R* 
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Aa.  «5.— Socket*  of  Jibhratikoff  cai»dl<«  and 
wwiieb  (of  lifrI>tiiiK  (1m»  cuuIIm  *waMiT«ljr 
hj  hand. 
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quiring  any  nTtenticm,  has  been  attained  in  a  Bel^an  fac- 
tory. 

It  is  the  Jablochkoff  candle  that  ha8  bi'ought.  the  electric 
light  into  prominence  and  given  it  a  genuine  popularity.  An 
intiiiential  company  was  formed  to  introduce  the  new  8yst«*m  ; 
the  press  followed  the  exchanges  in  itJ?  attention  to  it.  telling 
wonders  alxmt  it,  so  that  every  one  wished  to  see  it,  and  pub- 
lic experiments  multiplied  on  ail  sides. 

For  three  years  the  Avenue  de  I'Opera  has  been  lighted  by 
electric  candles,  the  large  stores  liave  adopted  it  a;*  a  means 
of  advertising,  and  the  large  hotels  for  a  sign ;  it  is  a  feature 
of  all  the  public  ^/r*  in  the  great  cities  of  Europe  as  well 
as  in  Paris;  and  today  there  are  not  less  than  twenty-five 
hundred  in  use  in  the  two  hemispheres,  especially  in  large 
workshops,  raili'oad-stations,  public  haJls  and  squares,  ware- 
houses, theatres,  such  as  the  Hipi)udrome  in  Paris  (Fig.  (10), 
and  in  fieveral  palaces.  One  of  the  most  l)eautiful  examples 
of  this  mode  vl  lighting  is  tluU  r>f  the  Moorish  saloon  of  the 
C-ontinental  Uotel  iu  Paris,  shown  in  the  frontispiece  «f  this 
volume. 

Within  four  years  these  wonderful  little  candles  have 
found  means,  not  only  of  sjjreading  through  France,  Itelgium, 
and  Kugland,  and  Kiissia.  the  cnuntry  of  the  inventor,  but 
also  have  sncctHnliHi  in  jjenetniting  into  (ireeco,  Portugal, 
Rrazil.  I^u  Phita,  Mexico,  and  even  into  those  pliuw*  where 
there  would  In-  the  leiLst  expectation  of  finding  inii)nivod  ma- 
chinery, such  lus  the  jjahu^e  of  the  Shuh  of  Persiiu,  of  the  King 
of  (Tamboilii^  ami  the  iiwiilence  of  the  fien-e  King  of  BuiTnah 
who  ma.sNtcred  nejirly  all  Ins  family. 

Its  extended  sucees.s  ctaihl  not,  well  be  gi-eater,  although 
it  in  far  from  combining  nil  the  qualities  indispensable  to  a 
giMKl  light.     The  light  of   the  electric  caudle  is  llurluating, 
anti  its  variations  in  iuten.'^ity  are  magnified  by  flashes  of  dif- 
fei«nl  ot>lops  which  often  mingle  with  its  light.     Those  who 
lre<tuent   the  Avenue  de  TOpfera  may  have  remarked   that 
accidental  extinctions,  from  whatever  cause,  are  sufficiently 
nnmerons  Ut  render  the  exclusive  employment  of  the  lights  of 
this  system  in  the  public  .service  verj'  dangerous.     In  exhibi- 
tions and  experiments,  where  great  c:are  has  l)een  bestowed 
[upon  the  establishment  and  maintenance  of  the  apparutuH, 
[they  seem  to  work  u  little  better.     Hut  they  never  have  l>een 
tble  t4>  comp(!te  with  regulators  of   the  best  systems,  espe- 
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cially  (UfferBntial  lamps,  not  Ui  mention  the  systems  of  open- 
air  incau(lcsc'en<!e  whirh  supply  also  strong  centers  of  light 
much  more  agreeable  to  the  eye. 


CHAPTER  VII. 

/.^Jf/N    WITIIO!  r  MKOHAXISM. 

IE  invention  of  the  Jablochkoff  canilie  iu  lfl76,  and  the 
immediate  impulse  given  by  this  diswivery  to  the  n.se  of  the 
electrir  light,  hn.s  l>roright  out  during  the  last  live  years  u 
numbpr  at  new  invi-ntions.  TJiese  inventions  ane  for  llie  most 
part  designed  to  obviate  the  neceR.sity  of  using  the  tyruniUcal 
meehnnieal  resrnlntors.  which  still  meet  with  pulilie  distrust, 
in  spite  of  all  i-erent  inipvovt-nientH,  since  M.  Jaldnchkoff  ha.** 
in  a  practical  way  shown  how  they  ran  be  dispensed  with. 
While  all  inventoi-s  aprep  upon  the  resnlt  tr»  be  n-achi-d,  they 
seek  to  attain  if  by  two  very  different  ways.  One  way  is  to 
change  the  nature  of  the  hirainoiis  <'enter  by  substitiiling  as 
the  winrce  of  light  fov  the  vrdtaic  arc  the  incandescence  of  a 
body  which  this  arc  will  heat,  wheilter  carbon  electi-odes,  as 
in  the  Reynier-Werdeman  lamps,  or  another  snlwfance  intro- 
duceil  inUt  the  j«ith  of  the  arc,  as  in  tlie  sun-lump ;  the  other 
way  is  to  pi-esen-e  the  regular  voltaic  ai-c,  but  to  regulate  the 
appi'oach  of  the  carbons  without  the  use  of  mechanical  appa- 
ratus properly  so  called. 

I.    LaM?S  WITir  CoXVKROtNO  Cabbons. 

The  fii-st  lamp  invented  in  the  second  method  spoken  of 
nhove,  like  the  electric  candle,  is  due  to  a  Kussian.  M.  Ra- 
pielT  inventMl  it  in  1K7K.  This  idea  is  of  still  greaiter  siniplici- 
ly  than  that  of  M.  .lablochkoiT.  Imiigine  tw<>  i-oiLs  of  carbon 
plaiH'd  i)oint  to  ]Kiint  like  the  txvo  lines  ()f  »  V,  ami  kept  in  this 

Iposition  by  small  pulleys  or  rollers,  si)  as  to  move  down  by 
their  iudivl<lual  weigiit.     It  is  t-lear  that  as  these  rods  Iieeome 

I  consumed  they  will  to  the  last  ivniain  pressed  one  against  the 

[other,  and  always  in  the  same  phu-c  (Kig.  fi7).  Be<'ause  they 
touch,  the  voltaic  aM-  (^an  not  ]ilay  betwwn  them.     But  there 

Lis  nothing  to  pi-event  us  from  arranging  below  them  two  other 


lOd 


THE  VOLTAIC  ARC. 


,<;" 


Fn.  07. — B«pictf  iiTv  Ump. 


a,  a',  upper  cnrboiut  tmtainn  uu  kcuLc  AD|[k  wIicmc 

«(MiX  in  tilts  [KwUJVe  )Nilu  orUie  l>liij>. 

b.  b\  lower  cBTbons  arrangvd  in  Ui«  i>amc  nmy, 

with  Ui«iir  poiute  gppoeixl  to  thom.-  q(  Lbe  up- 
pur  iTurban*. 
d,  if,  ciu-lMn-hi>lcl«ni. 

A,  M>rd  caniic«t i/ij{  Uif  i?aeb>:iiu  U>  thf  motor- weight 

W. 
'',  s,  t,  I'ullcy*  nrryinK  Ui«  c«)rd  A,  m<  pliiiwd  w 
to  |iRiRcrv«  tfic  oblique  flircaiJaD  of  tko  car- 
bom.  The  luwor  pulleya  MUblUh  Um  cotiuct 
fl>r  the  pnaMjfv  nf  ilw  minwnt,  nnd  liiiiH  Uk 
lAngth  of  carbon*  tti*c  ci)tcn>  inb>  tbr  drculL 

B,  8',  rods  mipporttnir  Hid  curbon-Ituldon.  The 
rod  H'  and  th«  ]Hiiihire  cuTban-holilur  arc  ia< 
HubttLwt.  Tti«  rod  ti  Hmtaiiu  k  rod  codiwcIm) 
with  thi)  annaiiiTV  of  an  vlf-cOa-iDO^H  pliwoJ 
in  tlic  tiiuw  ol'tlir  lump,  and  dcti'igntd  to  inun- 
tuiii  lilt:  Rcoemmry  M.-;mratiati  lwtvr««ti  Ulu  two 
(lure  ufoirlioti*  ttlicti  the  imrraut  puaca. 

W,  cauntcipolW!,  whlcti  eonffUntly  mct^  tn  bring 
die  two  pi^ni  or  oarbon*  In  oonUct ;  on  bc- 
oouiit  tit  thair  obIi<iuiiy  tiiey  mop  rvdprocaltj 
u  3Don  u  tlie>  l»uvli.  T)io  cor\I,  In  pualoff 
nroiKiii  tlie  pu11«}'  nl  tL«  ivjiiuleqioiM),  cuhw 
it  fj  w-t  ii>c«t(W)tly  nil  )>otli  [ukim  of  <«rboiis 
in  pru))uni'L<a  to  ihvit  c>»i*urii|<lt'>ti.  w>  thai  lh« 
liKhUi'iuter  aliuU  liiit  clmuijtL'  ito  place;  Ihia 
amriKviueni  pennils  lb>e  use  of  direct  or  alter- 
jiutit)|{  currV'tilK. 

Till-  liitiip  n'lVl^f  ilMir,  nnd  can  he  plnctd 
ua  tlic  wnK-  ^iivuit  will]  ua  many  nppanttuf  U 
the  tcimnn  oftlir  riimiut  will  ndmtt  of. 


rods  formins  ^  reversed  letter  V. 
These,  of  course,  do  not  tend  to 
press  against  each  other  by  their 
own  weight,  but  the  same  move- 
ment Is  piYxluced  by  using  a  cord 
attached  u>  them  and  passing  it 
over  pulleys  to  a  coimterpoifle 
heavier  than  the  hkIm.  The  vol- 
taic arc  will  then  jtlay  lietween 
thn  points  of  tlif  two  \"s  placed 
at  a  projHir  di-stum-e  from  each 
()ther— oiUy,  each  p(»Ie  will  be 
formed  of  two  rods  instead  of 
one. 


To  light  the  lamp— in  other  words,  to  make  the  current 
pass  for  the  first  time— it  is  necessary  that  the  two  W  touch 
Mch  other  for  an  instunt.    This  maaociivre  is  executed  by  the 
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appai-atua  itself  hy  means  of  an  elect ru-nia^et  arranged  so 
a8  Ui  push  ojie  of  the  Vs  in  sidvanrf  of  the  other ;  thia  electro- 
magnet is  worked  by  a  derived  current  from  the  main  current 
that  produces  the  voltaic  arc.  As  soon  a-s  the  are  is  formed, 
this  niinvnt  returns  to  its  natural  coursf- ;  it  abandons  almost 
entinOy  the  olej^M-o- magnet^  which  becomes  inactive  and  aban- 
dons the  movable  V  ;  this  rcossumes  its  regular  position,  which 
it  retains  as  long  as  the  lam]>  continues  to  bum. 

M.  Uapii'fTs  .system,  Hke  that  of  M.  .lablochkoff,  admits  of 
placing  five  or  six,  or  mon-,  lights  upon  the  same  circuit.  It 
jias  given  gowl  results  in  Knghind,  where  it  has  lighted, 
among  other  places,  the  press-room  of  the  printing-house  of 
the  largest  journal  in  the  world,  the  London  "Times."  Tlio 
Kaiiictt  lamp  bums  seven  consecutive  hours  without  change 
of  carbons,  and  in  case  of  accidental  extinction  lights  itself. 
It  is  superior  in  th*?ae  two  points  to  the  Jablochkoff  candle, 
and  can  rival  it  in  liimtnous  intensity. 

At.  Rapieff  had  his  pi-edecesaors,  for  as  early  as  1840  an 
Englishman,  E<lward  Staite,  invented  au  unaJogoos  combina- 
tion ;  and  in  l«7n  a  Fi-enchman,  ^f.  Reynier,  constmcted  also 
a  regulator  with  oblique  carbons,  which  he  aoon  abandoned, 
to  seek  in  incandescence  another  solution  of  the  problem.  In. 
tus  tui*u  M.  RapielT  v-u»  imitated,  in  the  year  after  his  inven- 
tion—that is  to  say,  in  1S79— by  a  Parisian  engineer,  M.  Ana- 
tole  G6rard. 

The  principle  of  his  a]>punitu«  is  exactly  the  same  a»  that 
of  M.  Rapieff;  but  (lie  two  V'«.  lusteud  of  being  placed  one 
under  the  other,  are  pUced  beside  each  other  in  two  planes 
interseeting  each  other  like  tlie  two  opposite  faces  of  a  pyra- 
mid. The  rods  of  caibon  i"e]>re8ent  in  some  sort  the  four  edges 
of  a  pyramid,  except  that  they  do  not  come  quite  together  at 
the  summit  (Figs.  68,  tiO).  It  must  be  understtmd  that  the 
pyranud  is  inverted,  the  rods  of  carbon  having  their  points 
directed  downward,  so  that  all  the  parts  capable  of  casting  a 
shadow  are  situated  above  the  luminous  center. 

In  addition  to  this  M.  G6nird  establishes  lietween  the  car- 
I>ons  a  sort  of  magnetic  imnd^  which  serves  to  repel  the  Hame 
toward  the  end  of  the  rods,  and  thus  prevent  it  from  rising. 
This  magnetic  wind  is  formed  by  an  electro-magnet,  whose 
poles  exereise  a  repulsive  action  on  the  dames,  by  virtue  of 
the  well-known  laws  of  electro-magnetic  action,  as  they  are 
manifested  upon  a  ma^etic  needle. 
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of  the  «un«Qt ;  tlivy  ■b»  eiiNblo  ooa  ta  limit  tbo  \mtsth  ot  otriniu  <iotn|tn«iMl  In  the  cir- 
ouli. 
C  C,  cktAro-IIHIgDet  witli  tbii'k  win;,  llimueh  wtiiiOi  thr  inaLii  iMrn'nl  |>n.inii^-i ;  ltd  fiti\/»  nru 
pralon^td  nnd  cairM  inwKrtiiui  ur  trrxorrUn  up^n  tliu  curTL-nt  fihicti  IbtiitA  tlieAroBiaf- 
flciclil  illduciiw  U>  kwi'  it  Ivtwvcn  llin  points  a(  (lie  iiarburiB. 

On  ;>lartini:{,  the  |Kiiiil»  of  tl'io  i-arbuna  km  iwiuniU'd  ;  ttii-  luiiiu  L-urramt  tiot  having  any 
my  Ot  piuisiuir,  U)B  ikrived  currvui  i<tartH  Into  notlou.  Ttm  arnuiure  K  b  BttiHutad, 
tiTioK*  Ihu  OArbon^  Iq  wntm-t,  and  op»n«  a  ponnaga  for  (hit  nmin  currant.  Tho  clontm- 
mapiet  I  bououiM  [uctive,  tbe  (^pHnj;  (i  dratm  tha  G«rhan.->  bock  the  fn^ptd- diManee, 
nwullUd  bufurafaMud  bj*  tliu  m^rvy  E,  uu<l  llie  uro  beipuii  to  play.  TIi'ik  bumur  Hghta  lt> 
>oIf  BuLonuitinllT,  mid  niimiU  uf  Ihe  uurrtnt  beiiig  divtdixl  uuun)t  novcnJ  Iiub[«.  Tha 
lunstl)  of  tlio  MrbMi-nMi«  bcinc  uf  uty  dmlnd  longtta,  tiwj  luay  bu  owdu  to  ta>4t  Ivolva 
boon  vr  inora  without  reiwwal. 

a  real  iiKTonvenienre  in  nvM  cases.  It  may  be  for  this  reason 
that  M.  Gerard,  abandoning;  this  api}aratU8,  very  interest- 
ing from  its  rertainty  of  artion,  returned  to  regulators,  and 
haa  Invented,  since  then,  in  this  field,  so  crowded  already,  a 
new  combination,  uf  wiiit^h  we  have  spoken  in  the  preced- 
ing chapter. 

But  lamps  with  converging  carbons  can  work  very  well 
with  continuous  cun-ents.  It  is  only  n«cessiu-y  in  this  case  to 
give  the  positive  carbons  n  greater  length  than  that  of  the 
negative  carbons,  to  compensate  for  tlunr  more  rapid  consump- 
tion.   This  arrangement  ordinarily  is  £re«  from  any  objection. 


U.  Bbckst  Candles. 

While  engaged  in  inventing  the  lamp  with  oblique  jmncils, 
M.  Kapieff  was  also  busy  imrftHrtiug  the  Jublochkoff  candle, 
and  he  made  known  his  type  of  buraer  in  tlm  sanm  year,  1878. 
This  tyi)e  greatly  resembles  that  <(f  M.  Wilde,  published  al- 
most at  the  same  time,  which  atart^Kl  tme  of  those  battles  for 
precedence  so  frequent  where  a  large  number  of  ardent  in- 
ventors are  exploiting  the  same  lield.  M.  Wilde  is  generally 
thought  to  have  first  reached  the  goal,  and  it  is  his  candle 
whicii  we  shall  here  describe  at  greatest  length. 

Wilde'/i  Candle. 

Several  of  the  iaconveniences  of  the  .Jablochkolf  candle 
seem  due  to  the  '*colombin,"  or  solid  insulating  material 
placed  between  the  two  carbons.  It  is  thw  which  prevented 
the  approach  of  the  two  points,  necessary  for  aiit<»nmtic  light- 
ing. M.  WDde  started  by  omitting  the  "cnlombin."  His 
c^mdle  is  composed  of  two  parallel  i-ods  of  (;arbon.  four  milli- 
metres in  diameter,  analc^ous  U>  those  of  JabUtchkolT,  but 
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seiMimted  only  a  spuc-e  of  thi-ee  millimetres.  These  carbon 
khIs  are  Taslened  by  pincers  to  metallic  supports,  and  one  of 
fheae  8Uppoi-t-*i  is  pivored  so  as  lo  peniiil  the  rod  lt»  iunlijiea 
little  to  come  in  contact  with  its  iifighbur. 

Tbis  Is  its  natnral  position,  that  which  it  occupies  of  itself 
when  the  appamtus  is  out  of  action.  AVhen  the  cnrrent  is 
sent  throiig'h,  it  passes  easi- 
ly from  (»ne  point  to  the 
other,  and  lights  the  lamp. 

It  13  ntfxt  necessary  for 
the  rod  to  be  drawn  back 
to  produce  the  voltair  arc. 
This  it  does  Willi  pi-eat 
quickness,  under  the  influ- 
ence of  an  elecln)-maji:net, 
which  acts  uiKin  its  loner 
end,  and  thus  turns  it  uprjn 


A,  A,  A,  A,  mippnrtii  on  vthii^h  the  mnv- 
abk  uuboiid  are  muinUliwi]  )■>'  i)i« 

uurlu  n  pJtie  armature  for  Uje  fleitro- 
matrnel"  ".  •■, ", 
R,  WDiml  (Upiiort  in  wliicti  tlic  tttoiKiQ- 
»ry  oirbotL-  "!'  IIil-  f>iur  Cttodles   mra 

a,a,n,i,rUi>lr<>-ni%'tii-ta  wiih  thick  wlrn 
travrfKnl  ht  thi-  riinwiit.  aiiii  kcepioft 
the  varbon*  M>(iiintl<t]  or  long  u  clio 
cumnL  |.<iuB«u. 

If  the  paMo^t  of  the  ciirrt^nt  L-  lii- 
tomiplvd,  iho  wt'l^hl  "l'  tlrt.'  -iiiiiiotta 


tiie  RiuvaMe  carbon  in  contact  with   // 
the  •UtiuDorj  oni-,  no  thiil  raIv)i)]Un){ 
tnJtM  pl«CM. 


// 
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itH  pivot.  Tliis  electro-mnpnet  is  operated  by  the  current 
iti^elf :  it  is  therefore  inactive  wtien  the  cun'eiit  is  uot  jkish- 
ing,  and  only  acts  when  the  current  reuclies  it,  or  when  the 
lamii  is  ligiited.  If  the  c;indlc  heroines  extingui.''he<l  by  any 
accident  wliiiteviM-,  the  enrrent  no  longer  pusses  through  the 
voltaic  are  northnnijrh  theelei'tni-nia^net:  this  becomes  then 
inactive  ;  it  nflea-ses  tlie  movable  rod  which  leans  over  toward 
the  iM>int  of  its  neij:libnr,  and  re-eslaMishes  rlie  cin-nit.  Thus 
the  lanij)  liglits  \ii<vAl  \  aJl  is  done  so  quidtly  that  the  extinc- 
tion is  hardly  ]>eiveptible. 
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SiiiiffrifiT  til  the  JaliUfrhkoff  candle  on  acronnt  of  its  anto- 
matic  litehiUiK  nn^i  nOiffhtine,  rbe  Wilde  lamp  also  excels  it 
In  t\»'i\tinitinn  of  it.n  fjerifnl  of  illnminntion.  Tlio  JaWochkoff 
('an<]l''rt  hoit  only  one  lioiirand  a  half,  and  it  \s  with  ^n-nt 
tT*nih\f  thttt  lliHy  f;an  (m>  mude  to  last  two  hours  by  lengthen- 
In^  tlH*m.  In  iho  VVildcbarner  there  is  no  limit  to  the  length 
of  ill*'  pjirlwrn  i-xc*-]it  the  fear  of  too  frtninent  breakage,  iHraiise 
the  eoriions  can  be  carried  down  into  the  foot  of  the  appamtns. 
Thej'  have  l>w»n  made  Htxty-five  centimetres  long,  which  reji- 
reiu?nt«  about  Jive  honr*'  burning,  at  the  rate  of  twelve  renti- 
metres  [M*r  hour. 

If  the  foot  of  the  candle  remained  fixed,  iis  in  t!ie  Jahl()ch- 
koir  syNfeni,  th<*  luiiiinonM  |Miint  would  descend  thus  sixty-live 
oentimotreH  during  its  p<*riod  of  illnminntion.  Sucli  a  displace- 
ment would  li<'  entirely  inadmissible.  To  prevent  this  it 
stiflired  to  ri!tnrn  to  the  oUl  ff)rm  of  kitchen  candlesticks  or 
hotel  <>ande]ul>ra.  In  which  the  caridh' rests  upon  a  small  socket 
Nliding  in  the  tube,  and  which  can  be  ]ift<*d  up  little  by  little 
HO  to  keep  the  end  of  tli'.'  ciindle  constantly  at  the  same  eleva- 
tion. In  a  likn  manner  the  Wilde  cjmdle  is  operat+^d  after 
one  or  two  hours'  burning. 

Where  thelightintfistn  last  more  than  five  hours,  M.Wilde 
arrang<.'s  a  series  of  candles  in  a  circle  or  crown  on  a  round 
fninie,  which  C4in  be  tumt'd  by  hand  or  automatically  ;  the  ar- 
mngemeni  resembles  quite  closely  that  of  the  .lablochkofC 
cnmllus,  because  in  this  case  it  is  not  possible  to  make  the  car- 
bons so  Inng. 

M.  Wilde*s  candle  cjin  he  turned  upside  down  and  work 
in  that  jwisition.  which  avoids  the  casting  of  shadows  by  the 
different  jmrls  of  the  apparatus.  But  the  arc  then  is  in 
danger  of  abandoning  from  time  to  time  the  points,  and  of 
causing  by  these  oscillations  the  production  of  the  reddish 
Hashes  whi<'h  are  one  of  the  disagreeable  features  of  the  Jab- 
loehkolT  candle. 

7%e  Jamin  Candle. 

The  wade  cuidle  belongs  to  1878.  The  following  year,  In 
1870^  another  appeared,  that  of  M.  Jamin,  which  wa-s  m(Kli1ied 
frwjiiently.  and  which  finally  borTowe<i  from  the  Wilde  candle 
its  moRl  characteristic  feAtnre.  M.  Jamin,  professor  of  the 
SctrlHmne,  and  abo  uf  the  Institute,  had  lieen  retained  by  the 
Jabloehkolf  compaaj'  from  its  begioning  as  eon.snlting  en- 
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A,  day  pUie  noritij  m  8up[«n  fvr 
the  carbtin-linldcni  aud  tJinKl- 
itvr-fnuiie. 

B,  ilircvtii>)[-ri«tiii>,  in  lti«  fonn  vfa 
dBltcucd  ^rjuve,  in  whidi  tb« 
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njiIMuntua  Uia    pan   C,  or  Uie 
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«mrbuM  iri:]n(3tn,L     Ah   *iioii   a* 

tiio  currant  ccuwa  Xn  piu  iho 

ploto   Gtlla    bock,  and,   bv    it* 

wniglit,  foroeo  ttiQ  iDovabk  uar- 

boiM  to   apprnuch    tkc    olliera, 

A*  tho  tbrw  puin  nrivrbauD  an 

of  uncqiuil  tcnirtlm,  it  innnlj-lh* 

lonewt  that  ainu.'  In  contact,  and 

onlv  out  Miuillo  tiifliU. 
d,  a,  <i,  m'lvnblv    oirlotia    In    the 

plADO  of  tJi<<  <lLn:«tiTu-fnuiM<. 
A,  h,  6,  inovablu  t<(iit>niis  in  piano* 

peipcndtcnliur  to  that  of  tliv  di- 

notlnff-lVsmo. 
II,  platM  imascii  «rc1i  by  a  upriDii 

Midratiiison  tti«i  carboD-bold' 

e»>  A,  h,  ti. 

Tbt  action  of  Uidm  pUtu  la 

mtmltivd  bj  n  bma*  nire,  nnv 

of  whiwo  cnila  is  ki^iit  MX'imd 

In  a  Bitnall  plii;o,  and  whwo  "thcr 

eud.  belli  iiilu  a  curve,  muitjiiiui  Uitt  twrbnii-b older  h,     Vr'bi-ii  tiiu  carbons  arc  UHOd  Dp,  tha 

baut  uf  Uie  vuluio  lire  lacltii  tlui  win^;  tlic  Hpriof;  acta  and  dnwM  the  «arboi>-holdGm  to 

COS  aide,  so  Uiat  iJin  poMum  of  Ifaa current  can  ngt  bu  n>cstabluUcd  Ictvrcon  iIid  mda  of 

th«  MUtinnary  cjirUinB. 
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naobM  elin  thrto  movable  CArh^nn  at  lbs  aiimo  moment,  \a»a^  throu^b  thcai^  which  are 

In  eoniaet,  and  liiibl»  llivm.     Il  mny  bo  k«ii  hy  \\m  dirvcUdii  vtiicb  it  folluwy  in  lliu  |no 

Imnoheiof  llie<lir«ainu-friuni!,  and  ui  the  two  oarbons  of  the  ouidlc,  that  each  portion 
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bunwr  no  ■irit^h  ■■■  n>(|nirvd,  nnd  one  «ni(le  conductor  nn>w«n'  f^ir  all  tlic  candla  in  [fau 
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ou^liC  t<i  liave,  fur  effic-acioua  aotiua,  doao  uot  alio*  the  iitlrodiictioD  of  more  tlian  Umo 

omdlcs. 
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gineer.  He  reai^ieU  linally,  for  the  purpose  of  devoting  all 
hiH  time  to  the  improrement  of  candles.  HU  principal  id«a 
a[i|Kirpntly  wiu*  lo  make  the  lij^ht  fixtsl,  hy  preventing  It  from 
h-aving  t!if  iminif*,  ho  thai  hecouhl  mm  the  apiKtratus  ujiside 
down,  something  which  certainly  could  be  done  with  the 
Wilde  (^ndle,  hut  without  any  certainty  in  thia  case  of  suffi- 
cient Htability. 

To  reduce  this  idea  to  pra<'tiee,  he  surrounded  the  candle 
with  n  certain  niinilwr  of  turns  of  the  wire  ponveying  the  elec- 
tric current.  This  current  acts  upon  tlie  elerrric  liglit  as  it 
would  on  a  magnetized  needle,  and  it  is  easUy  understood 
fnnn  a  considemtinn  of  .Vnijidn-'s  liiwtliat  the  foor  sides  of  the 
frame  exercise  an  nmimulativt'  aetion  (.Kjg.  71).  At  tirst  M, 
Jnmin  only  used  six  tunw  <tf  wire,  then  he  ran  up  t<»  forty,  to 
ohluin  a  more  energetie  action.  But  it  costs  a  gn^Jit  dail  to 
ol)tain  this  urrion.  for  it  refjuii-es  a  cuiTcnt  of  higher  tension, 
and  thus  imrrenses  to  u  certain  extent  the  C4ist  of  maintaining 
the  lump.  The  frame,  Um,  pmdures  a  disagi-eeahh;  effect. 
Finally,  it  gives  slmdows  wliii-h  do  away  with  all  the  a<]van- 
tage  obtained  by  reversing  the  candle. 

In  other  resi>ects  M.  .laniin  pi-es^-rvetl  the  aiTangemenIs 
of  M.  Wihle  for  doing  away  with  the  insulating  "eolomhin" 
and  the  automatic  rtMllnmiiiation.  Later  on  he  added  a  ^lar- 
tif'ular  niechunism  f<u-  the  putiHise  of  eomniunicating  to  the 
carbons  an  oscillating  movement,  Hyuchronous  with  llii'  pulses 
of  the  current.  Aecoitiing  to  him,  this  vibnitorj-  movement 
should  enable  him  to  belter  utilize  the  curivnt.  This,  how- 
ever, has  not  proved  true  in  pnn-tice  ;  exi>erience  luus  only 
made  the  quite  intense  noise  produced  by  these  vibrations 
more  remarked,  something  which  makes  the  use  of  these  burn- 
ers in  a  i-oom  very  disagiee^dile, 

To  sum  up,  the  Janiin  candle  is  the  most  unstable  of  all, 
and  its  light  costs  more  than  that  of  others. 


Debrun  Candle. 

Finally,  we  mnst  speak  of  a  quite  recent  candle,  as  iXs  first 
inrention  is  only  a  few  months  old  (Deceml>er,  1880) ;  it  is  the 
candle  of  M.  Dehrun.  This  is  a  jirfivincinl  production  ;  it  first 
saw  the  light  in  Boi-deaux,  wIhtc  M.  Debrun.  Vrcparaievr  d 
Ifi  FacuUe  des  Sdettren,  was  rommisi^ioned  by  the  Jabloch- 
koff  Company  to  arrange  for  an  introduction  of  its  system  of 
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ligbdng.  Having  been  stmck.  like  all  others,  witli  the  uliaugea 
in  polor  of  these  candleH,  he  ti-ied  to  overcome  tlie  difBctilty, 
and  saw-  at  once  rhat  he  would  have  to  do  away  with  the  inmi- 
hitiii^  "oolomliin,"  as  M.  \Vn(Ie  had  ah-eady  done. 

The  Dehriin  candle  li>;hts  itself  automatically,  as  does  that 
of  M.  Wilde,  but  by  adiffereBt  process.  In  place  of  inclin- 
ing one  of  the  carbon  rods  so  as  to  touch  the  other  rod  with 
its  jMiinr,  M.  Dobnin  unites  them  by  a  transverse  priming, 
which  touches  them  at  their  bases,  and  stai-ts  the  voltaic  arc. 
By  making  the  canract  at  the  base  it  is  possible  to  relight  tlie 
carl)(»ns.  even  when  they  are  very  short,  at  tlie  moment  of  their 
accidental  extinction  ;  and  it  appears  that  the  voltaic  arc 
tends  to  tly  to  (lie  ptonts  without  any  need  of  the  directing 
frame  with  which  M.  Jamin  suiTounds  his  candle.  The  light- 
ing riintnct  is  actuated,  as  in  the  Wilde  candle,  by  an  electio- 
niagnet ;  Imt  here  this  electro-niajinet  is  placed  in  a  shunt 
circuit,  instead  of  in  the  main  circuit  of  the  voltaic  arc,  and  by 
the  details  of  construction  all  loss  of  energy  is  prevented. 

The  Debrun  candles  have  also  the  advantage  of  lasting 
much  longer  than  the  Jablochkoff  or  Jamin  candles.  They 
are  of  two  different  lenpths.  One  lasts  three  hours  and  a  half 
and  costs  thiily-live  centimes  in  the  stores,  the  others  last 
dx  hours  and  cost  sixty  centimes. 

This  is  cheaiier  than  the  last  prices  of  the  Jablochkoff 
candles,  for  these  only  last  two  hours,  according  to  the  dwla- 
ration  of  those  most  interested.  Withont  doubt,  the  cost  of 
establishing  the  electric  light  includes  many  other  elements 
than  this  one ;  yet  it  is  w(uihy  of  notice  here. 

Although  still  in  its  infancy,  the  Debrun  candle  is  already 
introduceil  in  the  Orand  Theatre  of  Bordeaux,  its  place  of 
biiih,  in  several  ca/h;  or  irajHtrtant  hotels,  and  sevei-al  stu- 
dios. It  has  lighted  several  public  f^tes^  especially  the  Na- 
tional Fete  of  .iuly  l-l.  1881,  at  Urirdeaux.  and  the  district 
agricriltur.ll  fair  (»f  Aleagon.  It  appears  that  it  will  soon 
light  the  Place  des  Quiuconces,  al.so  in  Bordeaux. 

A  tinal  judgment  can  not  be  pronounced  upon  it  M'ithout 
having  fullowed  its  success  for  some  time  in  the  public  ex- 
periments; it  seems,  indeed,  very  liable  to  vacillate,  yet  less 
than  the  Jamin  candle. 


BOOK     III. 

THE    INCANDESCENT    LIGHT, 


CHAPTKH  1 


mSTOBT  OF  I.XCAXDhSCeXCS. 


There  are  two  very  different  modes  of  transforauBg  elec- 
tricily  into  lighl,  one  could  almost  say  two  distinct  species  of 
electiic  lipht :  the  Ii>:ht  of  the  roUaic  are — which  is  that  of  all 
the  systems  with  regulators,  and  <if  all  thu  cjukIIps — and  the 
incandoscent  light  of  a  solid  refra('t4>ry  rondurtor,  nliivh  can 
itself  Ix?  prtKiuced  under  two  sf  jwrate  conditions  quite  distinct, 
either  in  the  open  air,  or  in  a  closed  vessel  exhinisted  of  air. 

In  the  first  cast^  the  incantleseent  body  bums  moiv  or  less 
rapidly,  and  this  combustion  helps  to  produce  the  liglit.  In 
the  second  t^as*;  tlie  incandescent  body,  ]>hicetl  out  of  the  in- 
fluence of  uU  oxygen,  can  not  buni,  and  ought,  in  canse(]uenRe, 
to  last,  if  not  fim-ver,  at  least  very  hmg ;  this  Ls  termed  (nie 
incandescence,  because  in  this  kind  «f  lighting  no  accessory 
phenomenon  helps  iu  the  prodiiciiuu  of  light. 

I.   Toe  DfeBtrr  op  Platinct*. 

It  is  with  simple  incandescence,  out  nf  contact  with  the  air, 
tliat  these  reseurehes  commenced,  and  they  date  back  a  long 
time.  The  exjieriment  of  raising  to  incandescence  a  wire  of 
platinam,  by  jiassing  an  electric  current  through  it^  has  long 
been  well  known,  as  also  how  to  vary  at  will  all  the  conditions 
of  the  experiment,  for  it  was  enough  f<)r  the  purpose  of  aug- 
menting the  intensity  of  the  light  to  diminish  the  diameter  of 
the  metallic  wire,  or  to  make  it  of  another  metal  which  was  a 
poorer  conductor  of  electricity. 

This  principle  waa  applied  in  1841,  now  forty  years  ago, 
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by  an  Englishman  of  Cheltenham  named  Frederick  de  Mol- 
eyns,  who  used  a  platinum -wire  fnr  his  pxp<-riments.  Ei^lit 
years  later  another  Eiij;lishnian,  named  Pefrie.  replaced  the 
plutmum  by  iridium,  either  pure  or  alloyed  with  other  metals, 
and  patentetl  in  liuKland  his  method  of  preparation  of  the 
iridium-wiiies  deslined  for  electric  lighting. 

These  lirs*t  attempts  p:issed  almost  unnoticed,  and  It  is 
doubtful  if  they  even  wei"e  rememlMred  nine  yeiirs  after,  in 
■18i>8,  when  M.  de  Chansry  pnblished  his  pmcess  of  lighting 
with  an  incandescent  platinum-wire  rolled  in  a  spiml,  analo- 
gous to  that  which  Mr.  Edison  used  ajraiu,  for  a  short  time, 
in  the  first  j>eni»d  of  his  exjienmeuts.  Mr.  Jobard,  director 
of  the  Industrial  Museum  at  Unissels,  cited  no  precedent  in 
announcing  on  February  27.  IHoH,  to  the  Academy  of  Sciences 
at  Paris,  that  M.  de  Chungy  iiad  succeeded  in  re.solving  the 
problem  of  the  divisibility  of  the  electric  light.  This  was  the 
end  which  had  been  long  sou;?ht  f'U',  with  the  more  ardor  be- 
cauNe  the  way  wJiich  had  lieen  followed  seemed  to  lead  to  no 
solution. 

The  invention  of  M.  <le  ( 'han^ty  nuide  a  >rreat  noise  at  once ; 
but  tlie  nihiw  Hoon  (H^a«ed  in  pi-esence  of  the  undeniable  in- 
conveniences, which  made  the  system  aJmoat  im|>oii.sibIe  in 
practice.  The  principal  one  of  tliew;  inconveniences  is  the 
ease  with  which  idntiniim  mflt-s  if  the  t<!m])erd.ture  at  which 
it  furnishes  a  good  white  light  in*  exc^iedeii.  A  slight  varia* 
tion  in  the  intensity  of  the  electric  current  is  suflicient  to  pi-o- 
dnce  this  injurious  heating,  and  as  yet  they  were  unable  to 
regulate,  even  in  an  upiiroximute  maiuier,  the  force  of  the  cur- 
rent employed. 

The  platinum-wire  lamp  was  iroudemtied  to  remain  at  rela- 
tively tnw  tampemtui'eM,  so  us  not  U*  ri»k  its  melting  all  at 
<mce  and  di.sii]ipearing.  Mow  at  these  low  temperatures  plat- 
inum give-s  naturally  u  decidedly  colored  light,  yellow,  or 
sometimes  red,  and,  worae  yet.  not  bright,  enough  for  the 
needs  of  [iractice  even  the  least  exacting.  A  red-hot  win;  can 
not  be  called  a  lamp,  and  all  the  cooks  would  prefer,  without 
hesitation,  the  jioorest  of  caudles  of  six  to  the  ])ound. 


II.   The  DtBUT  of  Carbon. 

A  substanco  lej*s  fusible  than  the  metal.s  rheu  had  t<»  Iw 
eought  for,  so  that  the  temperature  could  be  rai.stHi  without 
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fear.  Suph  were  not  wantinjj; ;  hut  the  most  ot  them  cnnld 
not  Iw  reduced  to  fine  wii-es.  and  almost  all  of  tlmm  burned 
readily,  whirh  wns  worsp  yt*r  tlmn  nuOfin;?.  In  priMiiining  in- 
pand('s<'on<'*'  in  a  vucimni  llie  danf^cr  of  romlniHtinn  can  be 
avoided.  On  tins  hnsis,  difficult  ns  it  was  to  nwJize  lit  this 
time.  cnrbi»n  I'npij^'^I  Ilu'  iittcntion  of  invcntnrs  ahriowl  at  tliH 
same  timo  ii.s  plutintim,  for  the  lirnt  jjutent  in  this  directiou 
wns  taken  out  in  184a  by  an  Amcricim  nnnuMl  Kin^,  four  years 
after  (hf  lifMl  cxpcrinienls  uilh  ini-atulesi-ont  platinum  tried 
by  the  Kii<^lishmaii  Krcth'i'ick  de  M()Ieyiis. 

The  ori;jin  of  the  inrandeucent-4-arbou  lanip  is  siiri'oiinded 
by  ii  sad  mystery.  We  are  at  liberty  to  believe  tliflt  the  true 
iuvent4ir  wiis  a  scientist  of  ('inciiimiti,  miiued  .F.  W.  Starr, 
and  whose  work  to-day  is  forgotten  even  in  America. 

Like  all  true  iihiloso]ihei-s.  .1.  W.  Starr  was  jwor.  But  he 
rande  the  arquiiintanre  of  the  gi*eat  philaulhi-opist  PealKwly, 
the  founder-  of  several  great  scientilic  institutionH  of  the 
United  States,  and  whose  name  is  ns  c«'lel)njteil  im  this  side 
of  the  Atlantic  as  in  the  New  World.  Peubody  Hhdwi'd  hini- 
Belf  generous,  as  imuid,  and  gave  tlie  inventor  all  the  mimey 
he  required  to  subnut  his  processes  t(t  the  great  savans  of 
Enghind.  At  this  time  the  young  American  showtnJ  himwlf 
a  subraissive  and  devoteil  disciple  of  science,  and  did  not  fol- 
hiw  the  custom  of  this  day,  in  believing  that  he  had  the  right 
to  considerate  to  himself  alone  his  gn-at  discoveries. 

J.  W.  Starr  sailed  then  for  the  Old  World,  bringing  with 
him  as  ngcnl  a  man  more  accustomed  to  btisini'ss  affairs,  and 
pn>vidml  with  a  smaller  qnantity  of  philosophic  naivete,  who 
would  not  let  the  uative^s  of  perrtdious  Albion  get  the  better 
uf  liim  ;  this  bur<lness  man  was  King. 

When  he  arrived  in  Kngland  .1.  W.  Starr  set  to  work  to 
pn!|Kiiv  a  great  public  demonstration.  He  set  up  a  great  can- 
delabm  of  twenty-six  lights,  tct  sjTnholiae  the  twenty-six 
iiniteil  States  of  North  America,  winch  have  since  then  in- 
creased gi-eatly  in  number.  The  great  phy.sicist,  Faraday, 
assisted  at  tlietM*exi»erimentH.  admired  them  greatly,  andpmm- 
ised  him  success. 

These  ex])erinienfM  terminatiil,  Starr  and  King  re-embarked 
for  the  United  States,  without  doubt  lo  report  to  PealMMly  the 
sanction  of  Eurojtenn  science,  and  ask  «tf  him  pecnniarj*  means 
to  realize  the  tnvenli<m  un  a  large  w-ajc,  and  enable  it  to  enter 
the  indu'-triril   d-mnnin.     Mnt  the  day  after  they  emlwirked. 
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Stnrr  wiia  found  deiid  in  hit*  Inrth,  sind  it  was  never  known 
exHfdy  luiw  lit-  rjiiiM'  U>  liis  dcsirfi. 

Kiii<;  hiid  taken  out  ii  {r:it*Mit  in  his  own  nntne.  He  then 
d(M-tuii?d  tlint  >;ns-ciirIion  pivp  lietter  results  than  others,  unci 
referrtHl  to  ihd  tiHces-sity  of  ]tl:irinu  it  in  a  vt'ss^-l  cxliniistcd  of 
jiir  lo  avoid  its  cnnibustion.  Kinjf  also  r«*niarkc(l  fliat  s^everal 
appamtu.t  of  tins  kind  could  he  place<i  upon  the  same  oiivnit, 
as  Starr  withoni  doubt  liad  done  in  his  i-xperiments  l>efore 
Fiinidiiy,  and  that  (his  rirrnit  could  rt-eeive  its  elfcTrieity 
either  fn>ni  a  l)att<*ry  or  from  a  niagnelo-electrie  machine, 
types  of  which  were  rlien  kn<»wn,  it  is  (rue,  hut  Ihe  machines 
wen>  very  weak. 

A  year  after  the  American  King,  in  I84ti,  two  Knirlishnien, 
GrcentT  and  Sraite.  who  nuiy  havi-  liad  little  knowh^d^'  of  the 
experiments  of  J.  \V.  King  in  Lonrlon,  also  dxtk  mit  a  ftatent 
for  a  lamp  wiili  incandescent  carix^n  analogous  to  that  of 
King.  They  added  li>  it,  liow**vfr,  a  new  procews :  ihe  em- 
ploy luent  of  aqua  rt-t/ia  luilro-murialic  aciU )  to  free  the carUni 
of  its  imiiurities,  and  to  give  thus  more  reguhtjity  to  the  light 
ami  at  the  same  time  a  greater  solidity  lo  the  lilanieut. 

In  spite  of  a  l>egiiiniug  that  .Hei-iued  ht  promiisea  gieatdeal, 
the  whole  affair  fell  into  ol>livi<m  f<tr  thirty  years.  It  is  pn)l>* 
ahle  that  Peahody  did  n<»t  wish  to  ciintiniie  mnf'-niuir  uiu-ii 
King  the  (avoj:s  he  n;served  for  Stan',  and  that  King  did  not 
find  others*  to  siipi>iy  funds  to  carry  on  an  enterprise  verj-  haa- 
ardous  at  this  epoch,  even  in  the  eyes  of  Americans.  With 
King  ivducetl  to  iniitoteru'e.  the  idea  now  diNip])eared  Utmi 
view  under  other  preoccupations,  for  the  puMic  s<ion  cease  to 
think  over  an  enWrprise  which  th-es  not  sacceeil  at  the  first 
attempt,  when  geueml  opiaion  does  nut  run  in  the  same  direc- 
tion. 

III.  Thk  Ri'issiAN  Lamps. 

It  was  in  Russia,  about  lt<7^  that  the  light  by  incandescent 
carbon  came  at  last  (Hit  oi  tlie  oblivion  in  which  it  had  ^lept 
for  twenty-seven  yeni-s.  A  Kassian  physician,  M.  liO«lyguine, 
invented  a  lamp  founded  on  this  principle,  and  which  won 
him  one  of  the  grand  piizes  of  the  Academy  of  Sciences  of  St. 
Petersburg. 

In  describing  If.  Lodyguine's  labors,  M.  AVihle,  member  of 
the  academy,  rhaitrcd  witli  the  report,  veiy  well  ex]'ressed  all 
the  advantages  winch  result  from  the  emp]()yment  of  earl)on 
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instead  of  x>la.tiiiuu)  for  the  production  of  the  incandescent 
tight. 

Carhon,  at  the  same  tompemtnre,  possesses  a  much  higher 
radii) ring  power  than  i>Iatiniiin  ;  tliecahiritio  wipacityof  carlxrn 
is  much  less,  s<i  that  the  same  (]iiantity  of  lieut  brings  the 
carbon  pencil  to  a  hipher  t*>mperature  than  it  would  do  in 
the  case  of  a  platiuiini  win*.*  Besides,  theelecirir  resistance 
of  the  carbon  is  about  2fi0  rimes  jtn'cater  than  that  of  platinum, 
so  that  the  wirbon  pencil  (^n  t>e  much  thicker,  nnd  yet  reach 
the  same  temi>ei-ature  as  the  metal.     Finally.  c:irl)cn  is  infusi- 

ible,  and  itu  teniperatui-e  can  be  raised  freely  without  danger 

lot  meliin^r. 

M.  Lodyguiue's  lamp  was  formed  of  small  needles  ending 
in  prisms,  and  made  of  retort-carbon,  fastened  between  two 
Insulated  pincei-s,  which  placed  them  in  contact  with  the  two 
bi-anehes  of  the  circuit,  almost  the  same  as  is  done  with  the 

}Jfablochkoff  candle.  For  preventing  them  fi-om  bni-ning,  they 
first  used  to  clone  them  up  in  vessels  exhausted  of  air;  but, 
UB  the  renuival  of  air  by  nieiius  of  :in  ajr[iumjj  was  a  quite 

rcostly  oiMjration  for  practical  man lafactiire  in  the  conditiom* 

■  nnder  wlilcrh  they  then  worked.  Ihey  generally  left  the  apjm- 
fiatus  full  of  air.  carefully  sealing  it  heniietically,  ko  as  to 
►  prevent  oxygen  fniin  renewing  itself  after  having  ilisaj)i)eared 
[l>y  combining  with  the  carbim. 

Hut  there  may  be  jmHliu-ed  a  sfirt  of  combustion  with  the 
limprisoned  oxygen,  and  ii  was   without  doubt  one  of  the 

■  causes  t)uit  made  the  curlxm-rotls  break  very  frequently. 
These  rui)tures  caused  long  interruptiims.  f(n' it- was  not  easy 

replace  the  broken  i-arlions.  It  seems  that  quite  a  satis- 
[factory  light  could  be  ]*i-oduced  from  four  hiinps  of  this  kind 
[placed  on  one  electric  circuit  suppliotl  by  one  of  the  strong 
'  machines  with  altern:it«  currents  of  the  Compafffiie  fAlli- 
1  anca. 

M.  Koslnff,  of  St.  Petersburg,  to  whom  was  intnisted  the 
importation  and  introduction  into  tYancti  of  the  Ix)dygiiine 
lamp,  improved  it  in  certain  points  ;  for  iustanci',  by  employ- 
'inga  now  metal  for  thit  metallic  supitorts  liolding  the  carbon 
■pencils,  whicli  yupports  nH'lt<Mi  verj'  oft^m  in  the  earlier  type. 
M.  Konn.  in  1875,  and  M.  Bouliguine,  in  1H70.  invented  other 
lamps  fonndefl  on  the  same  principh^s.  with  ditferent  aminge- 

*  [Culorific  fftpAcitv  crhne*  to  be  an  uleiiiont  Co  be  taken  into  occooot  wlien 
Out  i>en[iAitvnt  teiii[>«rfttQn:  i#  attaiiied.] 
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raent  of  parts  ami  of  better  working  capjitrity.    Kif^nre  73  will 
suffice  to  givf  an  idea  of  these  aj)i):iratiis. 

Bui  all  these  Russian  lamps,  of  whicli  wveral,  it  iw  true, 
were  invented  in  Paris,  had  a  coramon  defect,  and  a  capital 
one  at  thai :  the  carl>on-rods  placed  between  two  lar^^er  pieces 
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A ,  oOfifnT  <MvkPt  oo  which  aiv  flxcd  iwo  binding-Mrcv* 
N,  one  fit  witii'h  i»  in^uUtbU,  Ibr  itucbtuvut  o{  iba 
L-'jaJudwrK. 
K,  Muiill  cyliDilriail  box  c^iktniniiijr  ft  ntfctj' -  valve, 
wblob  only  "■pons  from  milbln  i"  wlihoul.  It  i» 
provUvd  vrUli  a  nipple  liir  ivceivin^r  ihc  tuha  Iciul- 
hi|r  10  tbo  air-puin{i,  wli«n  a  racuuin  1»  civawd  lu 
the  Ml  B. 
r  B,  Rlobe  «iiliu)t«(l  »t  it»  "PI*''  Iiirt,  ftnd  hold  upon  iw 

-'J''|H  hnM  by  n  bnw*  wruw-coUur,  ftbuidiig  ngniniit  on 

[tidU-rnbbnr  rintf. 
U,  vcrtii^itl  roil,  elc'Ctrkiilly  iosuliilod,  ntul  provldeJ  m 
tw  upper  ond  with  u  snuill  linruiontaL  ]>laUi  O.    Tlii* 
piMtc  Dontkinia  fix-  !>inNll  imviiiirri  to  Tccciw  ibu  OTp- 
por  DDib  of  Uii!  uvrl>(>ti-li"I>k-rti, 

0,  bnt  coiDpowd  ufa  tiiliu  fii^li-nMl  to  th«  huo,  and  at 
Ik  o(i]ipi-r  rod,  split  for  u  part  nf  iw  iMvtb  »  Uial  it 
call,  witti  B  Klitflit  cff»n.  Iw  fnrced  iJovrii  into  tbL> 
tubir.  This  mt  b  niipi'lica  w  iih  n  liunKOiiltil  plate 
■t  \U  rop,  piernitid  wllJi  ttve  holcB. 

E,  carbons  pla«ed  b^m-cen  tbt  ivro  plate*.    Tboy  wu 
^  I  _|||     Hui;'  ruHtenod  into  t-iual]  block*  of  onrboo  O  O ;  the  bot- 

^   llill    fl  ^  ^^'"  h[(H3k«  liBvu  nBull  pxls  of  (Mppvr  nf  equal 

IcoKtti,  bj-  nhid]  [hi;]'  ifnt  upun  tliu  lu»'«r  plula; 
(^      'UE!9I  4JlllV        K  the  Upper  M'fckn  an.' Alan  pnividixl  Willi  nxLa  wlileli 

V^     I  ^fi^^r^  H^^^'^u— .  [•""  tliruufjii  ihe  hules  In  die  upiK^r  pliili- ;  an  Ibfjr 

i^^  [""T^^^^^  nn.'  <-f  uiii.-<iuiil  IfTigtti,  till'  Itver  I  oulj"  ruata  iijion  ■ 

"^ .— ^^S^^Jc^^^  wnitlu  otie  of  thcxa. 

1.  letcr  plvuttvl  ui)  the  lop  nf  111*  md  O.     It  TcaU  Hl^ 
of  cwt-ivcly  ui>nn  Ltie  rovUnf  >Ht!iarent  hluckn,  and  dfr- 

t<Tinin<u>  ihc  .liirclion  ofOic  tunviit. 
H,  t-oi'piT  rod  xn  whic-li  tliar  li-vc-r  ri>T.>  vUcn  all  the 
cvboQtt  Nft  bunivl,  and  wbk'li  intuiiU  lliv  vitrrviU  to  pads  to  tlie  oilier  lumim. 
M,  copper  tibc  rn«ivinj[  ifm  lUhri*  of  liurncd  wirboiw, 

Tho  Av«  uurbuiit  V.K  {rtj^tx]  b«itM>MD  tbu  plat(«,  and  the  Icvtr  I  la  low^md,  whieb 
mala  upoD  Ibe  loufirat  duo  ;  tbe  {^IuIh)  is  puni^ml  uol  mid  the  vuoiiuiD  fomi-cl.  Tlic  cur- 
ront  b  then  pan?«<(l  into  the  lump ;  tbc  Utile  carbon  E  ivdd^^ru,  whittn»,  and  l«cciiiicft 
liuninoiu :  It  i>i  MiuuiDed  Uttte  bj- little,  the  rod  brMk*.  and  llic  licht  rliiuppeani.  At 
gnw  th*  l^tPT  1  dwp«  dawn  apOD  anmbw  n-l  ntnl  llie  liclit  in  n-fntftbtlilipd  alliioft  iln* 
DKiliatfily  Willi  The  noxt  cnrhon.     Thin  (ntitiniim  untjl  tUa  flvo  carhona  on  tued  up. 


73.  —  Iacaiidcco.'nt   lamp 
Kotw,  in  a  clmpd  i-nuol. 


were  disint-egri'^d  sooner  or  later  by  an  acliou  which  was  not 
rombusrion.  for  it  took  place  wifhnnt  oxygen.  The  jH'ucil 
grew  thin  in  the  center  and  gradually  ended  by  breaking;  it 
then  had  tobf  i-epliiced.  and  this  substitution  had  become  the 
principal  prolilem  placed  I)efore  the  inventors  of  incandescent 
lamps. 
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IXCAXPEaCMXOK  IS  TUB  OI'By  AIR. 

Wk  hnre  now  seen  in  rlie  prepeding  rliii])ter  the  difflculries 
under  which  the  incandesrent  himps  up  to  1874  labored.  The 
tihiment  of  carbon  always  broke  wvy  soon  at  its  renter,  and,  in 
s]»ite  of  the  efforts  of  inventors,  there  was  no  me-ans  found  of 
preventing  it. 

M,  Eniile  Reynier  was,  in  1877.  one  of  those  who  sought 
the  soIiirit»n,  After  having  tned  different  menns.  he  was  led 
to  think  that  if  the  pencil  tonciied  with  its  end  a  heavj-  carbon, 
the  waste  would  not  take  place  in  the  middle  of  tlie  incandes- 
wnt  part  but  at  the  point  of  contact,  which  was  an  imperfect 
contact,  iind  where  the  Temi)ei'atiire  ought  to  be  the  highest. 

Experiments  verified  tliia  theoretical  view.  The  beuofir  was 
double,  for  another  difliculty  of  the  pioldeni,  that  of  the 
raouura  in  the  interior  of  the  lamp,  was  solved,  or  rather 
avoided,  at  the  same  time  with  the  conservation  of  the  car- 
lions.  As  the  consumption  of  carbon  took  place  gradually 
at  its  extremity,  it  became  useless  to  retard  this  combus'lioa 
by  employing  a  closed  vessel ;  the  carbon  had  only  to  be 
pushed  forward  as  fast  as  tised^  as  the  candles  in  carriage- 
lautems  are. 

Still  further,  the  slow  combustion  of  the  incandescent  car- 
bon in  the  air  was  a  favoiabh'  cinnimstance,  becau.se  it  i-aised 
the  temperatui-e.  and  consequently  augmented  the  luminous 
intensity.*  It  should  therefore  be  preaened  as  a  useful  ac- 
cessory. 

T.  TnK  Rkvniku  Lamp. 

The  system  of  incandescence  in  o])en  air  was  thus  conceived. 
It  now  had  to  be  i-ealized  in  a  practical  manner.  M.  Eniile 
Reynier  immediately  devoted  himself  to  it. 

In  November  and  December,  1877,  he  began  the  coni*tnic- 
tlon  of  his  first  apparatus  in  the  laboratory  of  M.  Breguet ;  on 

*  friib  BtAten]«nt  U  very  frcqu^-uUv  m&di',  l^ut  ii  does  sol  seem  to  be  war- 
bMSted,  as  the  coinlnifllion  of  .-mcb  n  TDlniita  qimtitlt?  of  carbou  coaM  not  incr«a» 
■■lie  ttmperjitnre  millicientlj  to  h»vi>  any  perreptible  ioflucucc  on  Uie  Rjjht.    TIio 

ooolinp  of  tlie  incandk-sfcnt  eitrboii  by  (Ik-  nir  would,  iiiorwvw,  tniteh  more  tltiin 

counUTb4iliLu<^'c  iinr  ^uiu  from  c-oinliustion.] 
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Fubruary  19,  1878,  he  applied  for  a  i>ateiit,  and  on  May  13  he 
described  his  system  in  a  note  addressed  to  the  Academy  of 
Sciences  at  Paris,  in  which  he  gave  a  Tttsume  nf  the 
principle.     Fig.  74. 

If  a  tfiin  i^id  of  carbon,  C,  pressed  liiti'mlly  by 
an  elastic  ctintact-piece,  i,  and  pushed  in  th«  line  of 
its  axis  upon  u  fixe<l  crmtact-pitTL*.  B,  is  travei-Hed 
by  u  sufficiently  ptmerfiil  current  Imtwiscn  tlie.s« 
twtf  contaRts,  it  becctmes  im-andescenf  al  (his  part 
of  its  h^ngth,  i  j^  and  burns  (-nntinuously,  grtiw- 
ing  aitennated  t<iwaiil  its  extremity.  As  Ihe  end 
beeomns  iitMHl  up,  the  rud.  i-imtiniKiusIy  pushed  on 
wani,  advanc^.s,  rubbinj^  a^inst  the  elastic  eoiitacl- 
pie<:e,  sw  aa  always  to  rest  uihid  the  stationary  eon- 
tact-piece.  The  heat  developed  by  the  cun-eut  in 
the  carboD-nid  is  ^really  iucreiised  by  the  combus- 
tion (ff  the  carbon. 
M.  Reynier  was  not  alow  to  recv)f^nixe  the  fact  tJuit  the 
fixed  immovable  carbon,  act;in'<  as  cxintacrr- piece  for  the  incan- 
descent, nxl,  was  for  Kcvenil  r<!a«(ms  in- 
convenient. The  ash  acctiniulated  there, 
and  iuierfei-ed  with  the  production  itf 
the  light.  To  oveivome  tliis  trouble  he 
made  the  piece  movable,  and  gave  it  the 
form  of  a  disk  tnniinj?  artmnd  its  axis, 
analogous  to  thai  which  had  been  em- 
ployed in  1845  for  the  voltaic  arc  by  an 
Englishman  named  Thomas  Wright.  On 
starting  out,  M.  Reynier,  for  turning  the 
carbon  disk,  used  a  mechanism  turning 
by  the  weight  of  the  upper  carbon-holder 
(Fig.  75).  Rut  he  wius  not  slow  in  sim- 
plifying his  appanitus  in  a  most  ingen- 
ious manner,  producing  the  rotation  of 
the  disk  by  the  des(;enr  <if  the  carbon- 
rod  itself.  This  is  the  final  form  he 
adopted  for  his  lamp. 

The  carbon-rod  is  jmshed  toward  the 
base  by  il*s  weight,  and  that  of  tlu;  car- 
bon-holder,  directed    by   rollei's.      This    ?w.  7S.— Rtynicr  inuiuiM- 
rod  rests  on  a  carbon-disk,  a  little  in       ZSt'^i'-Jr'    ' 

;  went  wan  nM.i 

front  or  the  vertical  through  the  center       tiwi*. 
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of  the  disk.  Tlu*  descent  of  the  pencil,  i-esuUiug  from  it«  con- 
suiaptirm,  thnn  hii-ns  the  disk  without  uny  mechanisni.  The 
rod  is  sn|)p<»rt<Hi  at  a  fihort  distance  fw)ni  its  end  by  a  ultHn-c, 
and  btilow  lliis  fonjcf*  in  contat-t  with  Jinothei'  curb(jn  (!(inla(;t- 
pipce,  which  determines  the  len^h  of  its  incandeHcent  jwrtion. 

Hy  a  very  simple  arran^enieiil;  the  iiresHtire  exerciHed  I>y 
the  nj(l  upon  the  cljsk  is  transenitted  tu  and  pmdiiees  !tu  uulo- 
matie  brake  acliun  np- 
on  the  mov!il)le  ciirbon- 
hohler;  it  IVillows  Mint 
its  weight  is  effiH-tually 
HtiKtain<>d,  jus  ionp  a-s  the 
<3irb()n  is  hin^  enough 
to  tieur  down  upon  the 
disk,  and  lliut  this 
weiffhl  is  on  rhe  eon- 
Irary  released  when  the 
lower  support  is  want- 
ing on  aei'uuui  of  the 
CODHumptioQ  of  the 
point. 

As  is  seen  in  the  lin- 
age of  the  lumiuous  pai*t 
of  this  Uim]i,  ni^i^iifled 
and  projected  upon  a 
screen,  the  temperature  is  highest  nt  thi^  lower  contacl-puiut; 
the  earbon,  ^rown  thin  by  aXitw  comlnmtion  in  thf^  air,  sharp- 
ens itself  toward  its  base,  whi(;h  the  shapi>  and  niotion  of  the 
pencil  facilitates. 

Finally,  to  pcpvent  the  in«indeaeence  from  rising  too  far 
upward  on  the  penc-il,  and  lo  pn^vent  Ihi*  lumitioiis  portion 
being  thus  extended,  it  is  touehed  at  a  certain  distance  by 
another  carbon,  much  larger,  w}ii<'h  brings  t!ie  cun-ent.  The 
incandescent  part  varit^s  thus  from  four  t**  eight  millimetres, 
according  to  thccjuantity  of  light  which  it  is  proposed  to  ob- 
tain, and  whicli  can  attain  five  to  twenty  Carcel  himps,  provid- 
ed, of  course,  that  the  current  be  strong  enough. 


Ym.  TO. — Ma;n>>fi^']  inia(f(>  nf  Uii-  in«inil«in'iJl  pof- 
lina  orthe  Ki.7nitTr  bunp. 


II.  TiiK  WicnnKRHANX  Lamp. 

While  M.  Reynier  was  occupied  in  France  in  perfecting 
his  incandescent  lamp,  an  Knglishmnn.  Mr.  Richard  Werder- 
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mann,  wa.s  working  in  London  uiK>n  the  name  probk>m.  and 
be  there  took  out,  August  S3,  16^.  a  patent  founded  un  the 
same  ptinciples,  which  gave  rise  to  very  energetic  discussions 
between  the  two  engineei-s.  These  discussions  had  only  a 
theoretical  interest  for  them,  because  the  Jablochkoff  Com- 
pany, owner  of  the  Werdei-mann  patents, 
bought  the  Reynier  patents  and  it  is  this 
comiw-iiy  which  has  especially  contributed 
III  fix  upon  the  incandescent  lanii>s  the 
name  of  \\'ei^t<rtiiann  l:ini]>s,  although  the 
Itrinciple  at  Iwist,  if  not  iheactual  arrange- 
ments, belong  proliality  to  M.  Keynier. 

One  uf  thf  inn'ivati*^ins  iulrodiiced  by 
Mr.  Werdfiinann  conniated  in  ibe  inver- 
sion »if  the  apv>arati]^.  Th«  large  disk 
placed  at  the  base  of  his  apparatus  by 
M.  Reynier  cast  dtsagi-eeable  shadows. 
Mr.  Wenlemiflnii  placed  it  alK>ve.  and 
pushes  up  his  ciiriion-i'od  by  means  of  a 
counterpoise  (Fig.  77). 

In  the  Reynier- Werdermann  lamp  it 
is  less  a  true  ineandeKcence  that  is  jjro- 
duced  than  a  sort  of  voltaic  arc,  very 
short,  ciimbined  with  incandescence  of 
the  electrodes,  and  Mr.  Wfrdennann  has 
noted  in  his  exjieriments  some  very  curi- 
ous deformations  of  flcfti-odes  of  diffpr- 
ent  sizes  under  the  effect  of  the  voltaiu 
arc. 

When  the  voltaic  arc  is  ]iroduced  be- 
twe**n  two  nirbous  nf  tiie  sumo  wH-tion, 
thf  clianges  of  their  polar  extivmitios  are 
prodiicwl  in  the  manner  nlrendy  known: 
the  (Mwitive  elcrtrodc,  hcjited  to  a  wliite 
heat,  takes  tlie  shape  of  a  mushrooui,  hol- 
h)ws  itself  into  a  I'up.  and  is  use<l  up 
twice  an  rapidly  as  the  negalive  electivHle.  Tlie  ]iitt<'r,  which 
is  ojUy  heated  to  redness  by  (he  cun-ent.  is  slowly  formed 
into  a  i>oint^  and  the  length  of  the  arc  is  in  projioition  1*j  the 
tension  of  the  current. 

The  result  is  altogether  different  if  different  sections  be 
g^ven  to  the  two  electrodes.    When  the  section  of  the  positive 


F»,  W.— Vr'tTdrniiflnn 
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electrode  is  gradually  dimmisbed,  and  that  of  the  n^ative 
electrode  is  increased,  the  red  heat  obsen'uble  at  the  end  of  the 
latter  is  gnidually  diminished,  while  the  heat  of  the  positive 
electrode  increases  in  proportion  to  the  reduction  of  its  section. 
The  electric  current  does  not  pass  acj-oss  the  space  intervening 
between  the  electrodes  with  the  same  facility,  and  to  succeed 
in  maintaining  the  \-oltaic  aiv  the  electrodes  must  be  brought 
closer  tf^^ther,  so  that  the  current  can  pass  over  the  dimin- 
ished durtance  lM?tween  them. 

At  tliis  point  a  strange  phenomenon  becomes  manifest :  the 
end  «E  the  imsitive  electrode  increases  ronsiderably  in  si7>o,  and 
the  current  shows  a  lendency  to  equalize  the  two  surfart^s — 
that  is  to  say,  to  give  to  the  positive  electrtMle,  as  far  :is  may 
be,  the  same  seelinn  jw  that  of  the  negative.  The  greater  the 
difference  between  the  st^ctions  of  the  electrodes,  the  smaller 
must  the  distance  between  them  l>e,  and  tn  avoid  too  great  an 
iucreaw!  in  the  size  of  the  positive  electrode  the  tension  of  the 
current  must  be  somewhat  nnliiced,  which  is  easily  managed 
by  employing  a  Gmmme  machine,  with  whieli  the  tension  of 
the  euri-eut  is  proportional  to  ita  veh>city,  the  resistance  of  its 
armature  remaining  constant. 

A  limit  is  thus  reached  when  the  distance  between  the  elec- 
trodes ixHromtw  infinitely  small — that  is  to  say,  when  the  elec- 
trodes are  in  conta(;t.  It  is  wlien  their  sections  are  in  the  ratio 
of  1  to  64 ;  then  the  negative  electrode  is  hartlly  heated  at  all, 
and  consequently  is  not  consumed.  In  the.se  conditions  the 
jK)sitive  electrode  only  is  the  one  that  burns,  pn>ducingal)eau- 
tifulliglit,  a!>8olntely  fix^Kl,  and  lasting  as  long  aH  close  con- 
tact between  it  and  the  negjitlve  electrode  is  maintained.  In 
reality,  then,  it  is  an  incandescent  light,  increased  by  the 
pre-wnee  of  an  infinitely  small  voltaic  are,  which  keeps  the 
consumi>(ion  of  the  carbon  confined  to  its  point.  If  the  pressure 
is  strong  enough  to  make  the  contact  too  complete,  the  com- 
bustion will  be  retarded  a  little,  the  carbon  will  be  detached  in 
fragments,  and  the  light  will  no  longer  possess  the  steadiness 
wJiich  is  its  most  desirahle  quality. 

When  the  operation  Is  reversed — that  is  to  say,  when,  in- 
stead of  diminishing  the  section  of  the  positive  electriMie,  the 
section  of  the  negative  electrode  is  diminished  step  by  step, 
and  that  of  the  positive  electrode  is  at  the  same  time  increased, 
the  light  of  the  latter  is  diminished  little  by  little,  and  the 
temperature  of  the  negative  electrode  incrcased. 
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WTien  the  sections  of  the  electrodes  are  in  the  ratio  of  1  to 
64,  and  when  they  can  be  brought  into  contact,  no  light  is 
emitted  by  the  positive  electro<.ip,  but  only  by  the  negative. 
What  i«  curious  is  that  when  a  voltaic  ai*c  is  started  between 
the  two  carbons,  the  smaller  electrode  always  becomes  iwinted, 
whether  jiotdtive  or  negative. 


u:mi) 


h'lc.  "*.— Bumorof  llie  Rojnler  lamp.  Fio, "».— Boyiiior'*inc«itle««allantpwiLh 

globe. 
C,  movabk  rod  of  B«ilx>n. 
B,  vonUw^l  block  ol'^nijiLile. 
L,  Itieni  Qonbkct  plooc  muJo  of  a  block  of  gntpldie  lUBtonad  into  s  Utb«  pivolctl  bito  lh«  rap- 

ponlng  ivmi. 
It.  «prmic  innintuining  Uio  iHboral  coutoot  iiroMiiio. 
I  J,  Intuiiiaiu  put. 


III.  The  Acttal  REi'NiEit-WEnDERMA>Tf  Lamps. 

During  nearly  two  years  in  which  it  has  been  otwrated  the 
Reyuier-Wcnlermann  lamp  has  underjiToue  several  changes  In 
its  accessory  purls,  esptsciiUly  in  those  which  pi*ess  the  rod  of 
jnc-andesc^nt  carbon  aguinst  the  abutting  disk.  M.  Trouv6, 
M.  Ducretet,  M.  Tommusi,  have  suggostrd  various  modifica- 
tions, some  of  wiiich  already  ligure  in  the  work  of  M.  Reynier ; 
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Th«  rodd  actually  employed  have  a  diameter  of  two  milli- 
metres and  a  half,  and  are  one  metre  lung.  They  last  six 
hours. 

Eleven  of  (liese  lamps,  in  nse  in  a  cloth -bleaching  eatab- 
lislimi^ut  at  Lisieax,  and  supplied  by  a  Gramme  machine, 
work-shop  type  Uf/pe  dkitelier),  requii*d  three  horse  power. 
Each  burner  had  an  intensity  varying  from 
eight  to  twelve  Carcels,  accoi^ing  to  the  speed 
of  the  machine. 

The  English  Joel  lamp  is  not  essentially  dif- 
ffereut  from  the  Rtynier-Werdemiann  lamps. 
Continuous  currents  are  used  for  this  kind 
of  incandescent  lighting,  and  rhe  lamps  can 
work  not  only  with  dyoamo-electric  machines 
but  also  with  batteriwi ;  ei^dit  Bunaen  elements 
are  enough  to  gi\-e  a  light  of  about  foui-  Car- 
eels,  which  is  an  invaluable  feature  as  regai-ds 
laboratory  work. 

For  equal  production  of  light,  incandespent 
lighting  in  open  air  costs  certainly  more  than 
voItaic-aiT  illnmination ;  but  it  makes  poRsi- 
ble  the  subdivision  of  the  light  into  centers  of 
smaller  intensity,  while  the  regulator  voltaic- 
ai-c  lights  must  be  much  stronger  to  give  good 
results. 

This  subdivision  permits  us  to  distribute  in 
a  much  more  even  manner,  and  consequently 
to  better  ntilize.  the  light  produced,  while  the 
great  Hghfs  illuminate  too  strongly  objects  in 
thoir  immediate  vicinitj',  and  not  enough  at  the 
limiting  distance  of  their  action.  Moreover, 
theso  powerful  lights  ne^d  prntecting  npnline 
globes,  which  often  rut  nff  a  third  of  the  light 
produced,  and  sometimes  mope.  Finally,  the 
incandescent  light  is  mihlcr  thnn  the  vnltaic- 
nrc  light;  it  has  ui>  bhiLsh  tints,  due  ti>  Utile  Hames  of  cai'- 
l)onic  oxide,  which  give  so  cold  an  artpe<Tt  to  regulators  as 
well  as  to  candles :  its  ravH,  slightly  yellow,  do  not  otTcnd  the 
eye,  and  do  not  subject  it  to  the  influence  of  rays  of  colors  it 
is  unaccustomed  to. 

It  is  also  the  only  one  which  not  only  permits  extinction 
and  relighting  of  the  light  at  will,  like  regulators,  but  also 
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the  varying  of  intensiry  to  a  great  \?xtent,  liy  introducing  inio 

the  eirfuit  suitable  i-esistaufes. 

The  Reynier-Werdermauii  lamps  to-day  can  Ijh  UBed  nlmoat 

to  Bs  great  advantage  as 

vacuum    incandescent 

burners  in  the  decorative 

fixtun's  of  rooms.    They 

construct  especially  witli 

them  histers  of  ten  jets 

(Fig.    HO),    which    light 

up    hirgc-    naloons    with 

as    much    effulKnin-    as 

immt^nse  candle-rhan<le- 

liiTH,  hut  with  much  high- 
er himinous  intensity. 
.  For  all  thew  reasons, 

the  fluiTeas  of  (ijwn-air 

incandescent  hinips  has 

been  very  gn'jit,  es|)pcial- 

\y  in    Ltmdon,  and   all 

believe  that  tlunr  uro  will  lie  continued  although  they  have 

been  little  emj)loyed  in  Paris  up  to  the  present  day. 

[Quito  i-eeently  M.  Rey- 
nler  has  devised  another 
form  of  (»iM*n-air  Incandes- 
cent laiu)}  which  is  free 
from  the  objections  to  the 
alKive  lamp,  and  which  is, 
if  anything,  simpler  in  con- 
struction. In  the  lamp  de- 
ftcribe<l,  the  contact  which 
formed  the  upi>er  limit  to 
the  incandescence  of  the 
pencil  hnvfped  the  econo- 
my of  the  lamp  by  con- 
ducting away  a  [Kirt  of 
the  heat,  and  tlie  feeding 
of  the  penc-i]  llu-ou^h  this 
contact  wan  not  wholly  sat- 
isfactory.    In  tlui  later  lamp,  two  curbcm  pfiu'ils  are  used, 

slightly  inclined  to  each  other,  so  that  they  touch  at  a  short 

distance  from  their  points,  wldch  rest  upon  small  abulnienta 
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of  coi)per.  The  relation  of  the  parts  is  eliown  in  Fig.  81. 
The  carbons  A,  B,  are  pressed  downward  by  the  weights 
P,  Q,  sliding  npon  the  metallic  guides  C.  D.  The  points  of 
these  carbons  rest  upon  the  copper  abutments  E,  F,  attached 
to  the  curved  metallic  bars  G,  U.  The  cuiTent  enters  at  the 
terminal  K,  follows  the  rod  C,  the  arm  G,  and  abutment  E, 
to  the  point  of  the  carbon  resting  upon  it.  It  then  passes  up 
this  carbon  to  the  point  x,  at  which  the  two  carbon-rods 
toucli,  then  across  to  the  other  carbon  and  do'H'nwardf  out  to 


r.,      I. 
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the  terminal  L,  by  a  similar  route  taken  on  entering.  The 
contact  limiting  the  incandescent,  it  will  Up.  seen,  is  a  hot 
contact,  and  hence  this  arnin.a:*'ment  should  be  a  more  eoo- 
nomicai  one  tlian  that  of  the  former  lamp.] 


rV.    IseTALLATlON   OF  ReyNIER-WeRDERMANN   LaMPS. 

For  lumi>s  of  this  system  M.  Heynier  has  iuvi-nt^nl  his  auto- 
matic lighter  (l*igs.  82,  83),  which  |M!rr<)rms  almost  the  same 
office  as  the  safety-box  of  M.  de  Mersanne  doe.s  for  n'giilators. 

The  moat  usual  sj'stem  of  distribution  consists  in  placing 
the  lamps  one  after  the  other  on  the  same  circuit ;  but  then  if 
one  of  ihem  goes  out  on  account  of  the  breakage  or  exliaus- 
tion  nf  a  carbon,  all  the  others  will  go  out  at  the  same  time. 
This  the  lighter  is  designed  to  prevent,  by  substituting  for 
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the  extinguished  lamp  a  resistance  which  ia  ordinarily  formed 
by  a  wii-e  uf  (.rennan  silver. 

The  apparatuti  is  provided  with  an  electro-magnet  placed 
in  the  main  rinruit  UC  (Fig.  8S);  while 
the  lamp  is  working,  the  armature  is  at- 
tracted, and  the  auxiliary  reHiHtance-coil 
R  i.s  cut  lint  of  thu  circuit ;  when  the 
lamp  goes  out,  the  electro- magnet  be- 
comes inactive,  the  armature  dnips  I)ack 
under  the  influence  uf  its  «]>nug,  and 
effects  a  contact,  at  E  (Fig.  82),  lietween 
the  two  enda  of  the  auxiliary  circuit.  The 
current  passes  through  the  resistance-coil 
R,  and  as  this  rejireseats  exactly  the 
value  of  a  lamp  burning,  the  other  appa- 
ratus on  the  same  circuit  are  not  affected. 
As  soon  as  tlie  lamp  ia  restoretl  to  Ita 
normal  working  condition,  the  current 
again  passes  in  its  regular  course,  every- 
thing resumes  its  place  and  the  lighter 
returns  to  duty.  Of  course  there  must 
be  a  lighter  for  each  lamp ;  but  the  re- 
sistance-coil can  be  replaced  by  a  second 
lamp  which  biu-ns  as  long  as  the  fii-st  one 
ia  extii»guished,  so  that  the  service  expe- 
riences neither  interruption  nor  diminu- 
tion. Fig.  84  explains  how  a  series  of 
lamps  can  be  ari-anged.  Thi-ee  lamps, 
L. ,  L,',  L,".  are  mounted  in  series  on  the 
circuit,  Pp  Nn,  of  a  battery,  E ;  they 
ai'e  res])ectivply  in  connection  with  three 
automatic  ligliters,  M,  M',  M",  whose 
contacts  are  at  e  c'  c".  Each  lamp  has 
a  second  resistance  or  a  second  lamp, 

U  W  U". 

To  replace  the  (Jcrm  an -silver  coil,  ami 
a.s  HubHiiinte  for  the-se  lam])s,  M.  Rcy- 
nicr  Honictimes  uses  a  Hltle  regulator, 
which  will  work  long  enough  to  i>ermit  the  lamp  to  be  resnp- 
plied  with  carbon,  without  interrupting  the  lighting.     This 
very  simple  appanitus  is  composed  of  a  solennid  (Fig.  85),  a 
soft  ii-on  rod,  and  a  spring.    The  upper  carbon  is  fixed ;  the 
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lower  carbon  is  carried  by  the  rod  of  soft  iron  and  follows  its 
movementi.  The  spring  is  adjustwt  to  balance  the  attraction 
of  the  solenoid  in  all  positions  of  the  rod,  as  long  as  the  ctir- 
pent  possesses  normal  intensity.  If  the  intensity  increases, 
the  rod  Is  attracted  ;  if  it  diminishes,  the  spring  acts ;  the 
length  of  the  arc  remains  constant.  -Uthongh  snpplied  with 
a  button  to  regulate  the  tension  of  the  spring,  this  lamp  can 
only  work  within  very  narrow  limits  of  intensity  of  the  car- 
rent.    It  is  only  a  safety  lamp. 
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Pia.  Bi!.— IncandiMccnc  lamp  with  inu- 
tiajf  electrode,  of  M.  Lucnlvt. 


Fio.  S7.— InMndoccni  Ump  of  M. 

Duentet. 


T.  Vabious  Lamps. 

The  labors  of  M.  Reynier  have  produced  several  models  of 
lamps  which  it  ia  inten^sting  to  stndy,  althongh  they  may  not 
have  entered  the  domain  of  every -day  nse. 

M.  Dacretet  has  taken  up  again  Ilarrison's  lamp,  and  has 
adapted  to  it  a  mefhiinism  wliich  at  tlm  same  timn  mgidates 
the  descent  of  the  carbou-rod  and  the  rotation  of  the  abut- 
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ting-disk.  In  Kig.  80  it  will  be  spen  that  the  rod  is  pressed 
from  above  (lownwiini  by  a  weight,  J,  ami  that  toward  the 
base  it  passt'S  tlinmgh  amjtiier  hlork,  I,  wliirli  acts  an  guide, 
and  nlsf*  InniLs  tliu  li'ugth  of  t}ii;  in<-anch'HtH'iit  part.  Tin*  de- 
scent iH  i'H.str.un(*d  by  a  ojrd,  «,  wound  upon  a  .small  drum  ; 
a  second  coi-d  transmits  to  the  disk  a  movement  of  nttation. 
Two  small  i^RCtro-nnif^ets  with  tine  wire  aiv  plarcd  in  de- 
rived circuit ;  one,  E',  acts  to  regulate  the  movement  of  the 
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machinery  ;  the  other,  E,  to  arrest  it  completely  when  the 
carbon-rud  is  usefl  up. 

By  this  apparatus  the  contact  can  be  modified  at  will,  and 
even  can  be  Bnp]>rt!SHed  entirely  by  maintaining  ronstantly  a 
small  distance  between  the  carbtm  and  the  disk.  •r>ix  Biinsen 
elements  are  enough  to  give  a  voltaic  arc. 

In  another  niwlel  M.  Ducretet  luia  put  into  practice  an 
idea  formerly  enunriaited  liy  M.  Keynier.  The  carbon-rod  is 
pushed  from  above  duwnwaid.  by  the  hydrostatic  pressure  of 
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a  column  of  mercury  sealed  up  in  an  iron  tube  whiph  acts  as 
standairl  for  the  lamp.  Pigs.  87  and  88  show  the  exterior 
view  and  vertical  section  of  this  lamp.     They  ai-e  so  easy  to 

understand  Jia  lo  need  no  ex- 
planation. 

M.  (Jlamond  has  Invented  a 
1*         BHiall  incandearcnt  lamp  (Kij^. 
.  ^  -^     89),  in  which  tlie  n«d  of  carbon, 
_  _  _  C,  descends  freely  through  a 
hollow    iron    ^uide,    B,  con- 
taining a  Utrle  meri^ury,  m. 
The  md  tills  the  hole  closely 
enough  to  prevent  the  mer- 
cury from  ninnlngont;  it  also 
secures  a  good  contact  for  the 
passage  of  the  cuiTent.    This 
woidd  seem  to  be  a  very  cfm- 
venient  ap])aratU9  for  labora- 
tory nse. 

f  A  lamp  nf  the  same  typo 
as  (he  Reynier-Werdermann, 
but  in  which  the  incandes- 
cRura!  tJikes  place  in  an  atmos- 
phere of  nitrofren,  was  con- 
structed in  the  Lniti'd  Slates 
by  Sawyer  and  Mann,  One 
form  (»f  it  is  shown  in  T-'ig. 
&().  The  pencil  is  f<*d  up- 
ward, through  an  elastic  con- 
tact, to  a  pair  of  grooved  mll- 
ers  whirli  form  the  abutment. 
Tin?  merhanism  of  the  lamp  is 
Inclosed  in  a  glass  bell,  johted 
to  a  metal  Iwise,  from  which 
the  air  has  been  exhausted 
and  replaced  with  pure  nitro- 
gen.  In  the  latest  form  of  this  lamp  the  abutment  is  a  block 
of  carbon  instead  of  the  rollers,  and  a  mechanism  operated 
by  a  coiled  spring  is  substituted  for  the  electro- magnetic 
device  previously  used.] 
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CHAPTER  m. 

TBE  SUy-LAMP. 

In  fto  classificatitm  of  elertric  lamps,  the  snn-lamp  occu- 
pies an  nltof^ctlier  stspanitcj  position,  and  a  very  diffinult  one 
t<»  dcfiiHf  in  a  word.  It  in  a  voltaic-am  lamp,  and  yi't  the  vol- 
taic arc,  Ivein^  only  utilized  as  a  simrr-e  of  heat,  lias  not  the 
usual  inronvcniences  ;  it  Is  also  an  incandescent  lamj),  because 
the  light  comes  from  an  incandescent,  solid,  refmctory  suli- 
Btance ;  but  this  material  does  not  act  in  any  sense  aa  non< 
ductor  for  (lie  electric;  current;  the  voltaic  arc  heats  it,  and 
thus  make  it  luminous. 

Finally,  it  must  he  remarked  that,  above  all  it  Is  a  lamp 
without  meehanism,  the  same  as  caudles  and  incandescent 
lamps  for  open  air  or  in  sealed  vessels. 


I. 

The  Jrtblochknff  randlfi  was  the  startinjE^-pnint  in  the  in- 
vention of  ibe  sun-lamp.  The  earlier  of  the  two  inventora 
of  this  lamp,  M.  Clerc,  was  en^neer  of  the  JahlochkofT  Com- 
pany, and  as  such  liad  to  frillow  day  by  day  the  jmictical 
working  of  all  tlie  parts  of  tile  candle.  Like  many  others,  he 
had  doubts  of  the  true  office  and  utility  of  the  colombin  which 
separattid  the  two  carbon-rods.  It  was,  moreover,  at  this 
perio<l  an  insulating-  red  of  kaolin,  which,  it  was  said,  while 
preventing  all  jmaaage  of  electricity  while  cold,  became  to  some 
extent  a  conductor  when  heated  between  the  two  points,  and 
thus  |>ermitted  the  formation  of  a  derived  current  thwnigh  the 
length  of  this  Uiyerof  melted  porcelain. 

But  from  the  moment  when  plaster  was  substituted  for 
porcelain  in  the  construction  of  the  insulating  colombin,  this 
exphmation  could  not  hold,  because  this  new  colombin  did 
not  melt,  and  was  a  non-conductor  when  cold.  To  ascer- 
tain its  true  function,  Jf.  Clerc  tried  candles  without  a  co- 
lombin, and  found  that  they  were  subject  to  still  more 
frequent  extincKons.  What  was  the  reason  of  these  extinc- 
tions i 

Examining  these  candles  without  a  cohimbin,  it  wa.s  seen 
that  the  arc  osciillated  between  the  points,  often  left  them  and 
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descended  toward  the  base  of  the  cones,  where  the  distance  be- 
tween the  carbonaceous  rods  was  leas,  ami  where  the  disinte- 
gration of  the  carbon  ratified  the  accumuhiti<m  of  snmu  dnst, 
which  seemed  to  attract  it. 

The  arc  seemed  to  lick  this  dnst,  and  thus  maJntiiin  itself 
for  more  or  less  time  at  the  base  of  the  cones.  If  it  only 
deserted  the  pdints  for  one  or  two  seconds  there  was  no 
extinctitin ;  if  it  was  longer  absent,  extinction  was  cer- 
tain, the  cold  points  offering  then  too  great  a  resistance 
to  the  fiinnution  of  the  arc  when  this  tended  to  mount 
ujiwunl  again  tiiward  them.  Henc(^  it  is  evident  that  it  is 
net^fssary  to  keep  the  ]Kiinls  warm,  if  extincTtifms  are  to  bo 
uvoiiied. 

Therole  of  the  cf)lfmibin  becomes,  then,  easj'  to  exptaln. 
It  opimsos  the  diwcent  of  the  arc  and  prtiventH  it  fixim  alian- 
d(ming  the  ]i(iiat.s  for  any  length  of  time,  and  thus  pn'veuls 
extinctions.  AVe  have  s(!en  that  in  the  ordinary  i'an<ilns,  if 
the  an;  hoMows  out  in  any  way  the  colombin,  it  may  abandon 
thejtoinls,  and  that  then  extinclitiu  tjeroiues  luttlmble. 

The  Jal>Io(^hkoff  cundh%  then,  has  in  itself  a  cauwe  of  ex- 
tinction, which  is  but  the  exaggeration  of  that  which  i)ro- 
duces  the  excessive  variations  in  the  light,  and,  t()  overcome 
this  cause  of  extinction,  it  is  necessary  to  employ  a  nuiterial 
not  only  refnictciry  at  ordinary  heut^  but  also  i!apablc  of  with- 
standing the  stmins  due  to  the  voltaic  arc. 

Having  gone  so  far,  M.  Clerc  might  have  found  in  the  rt^ 
searches  of  M,  Ijeroux,  tntorat  the  Ecole  Polytechnique,  which 
researches  he  may  not  have  b*'en  fanuliar  with,  the  indications 
of  the  waj'  to  ]itirsue  to  find  the  solution. 

In  1S08,  Icmg  before  the  Jabhichkoll  candle,  M.  Leroux 
had  noticed  the  advaniagea  of  a  refractory  material  in  sucli 
cases.  He  announced  that  if  there  was  placed  in  tJie  neigh- 
borhood of  the  arc,  on  the  side  opposite  to  that  where  the 
light  was  to  be  utilized,  a  body  capable  of  returning  in  the 
fnrm  of  light  the  enormous  flow  of  calorific  nidiations  which 
the  carbons  and  arc  set  free,  these  radiations  would  he  better 
utilized  than  by  any  other  process.  At  the  same  time  the 
arc  would  l>e  protected  by  a  soit  of  screen  which  would 
annul  in  almost  a  complete  hemLspheiv  all  the  causes  of  de- 
rangement  produced  by  the  incessant  shiftings  of  the  arc, 
whose  point  of  departure  is  very  uncertain. 

To  fulfill  this  function,  it  became  nece.s.sjiry  to  choose  a 
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body  at  once  a  poor  conductor  of  beat,  and  of  light  radiating 
power— conditions  which  lime,  ma^niesia,  and  in  general  the 
earthy  oxides,  fulfill  to  a  hi^h  de^tic, 

M.  Leroux  th-st  tried  fxperimeiitH  wirh  cylinders  of  mag- 
nesia, compressed  according  to  Carron's  Byst<*m  and  mann- 
factured  for  oxyliydic  illumination.  If  we  place  Ihebjiseof 
one  of  these  rylinders,  who.se  Uianifter  is  about  eight  n>illi- 
metres,  at  u  \'ei7  small  distance  from  the  carboa-iMjints  of 
an  electric  lamp,  so  that  the  magnesia  will  l>e,  as  it  were, 
licked  by  the  voltaic  arc,  this  will  l>ecome  incaudt«cent  to 
a  degree  comparable  to  that  of  the  most  luminous  part  of 
the  curUons. 

At  the  same  time  the  light  acquires  a  remarkable  constan- 
cy, drte  to  the  fixity  of  the  arc.  M;  Leroux  could  even  give  to 
the  latter  more  length  than  wus  usual,  because  the  mass  of 
magnesia  acted  as  a  screen  and  nuiiulained  in  this  location  the 
elevation  of  tempenilui-e,  so  that  the  danger  of  rupture  of  the 
arc  became  much  reduced. 

The  magnesia  can  also  be  kept  in  the  voltaic  arc  for  more 
than  an  hour  before  the  surface  will  become  sufficiently 
changed  to  vary  the  conditions  of  theexiieriment;  during  the 
first  tew  moments  its  sni-face  will  be  hollowed  out,  but  if  the 
pencil  of  magnesia  is  kept  stationary,  the  action  of  the  arc 
growing  weaker  at  a  shoi-t  distance  it  ceases  to  waste  away. 
It  undergoes,  it  ia  true,  an  alteialion  of  another  kbid ;  it  ab- 
sorbs the  silicions  vapfirs  which  the  voltaic  arc  carries,  and 
forms  with  them  a  sort  of  glass,  slightly  green  wheu  culd  and 
very  hard.  This  circumstance  is  attended  with  the  inconven- 
ience of  greatly  diminishing  the  radiating  power  of  the  mag- 
nRsia,  and  this  npw  expeiiment  shows  again  how  necessary 
it  is  t4i  have  an  industiinl  manufactui-e  of  pure  carbon  in  a 
proper  condition  for  the  pi-odTiction  of  the  electric  light. 

"The  voltaic  arc."  said  M.  Loronx,  in  describing  bis  ex- 
periment.'*, "idaying  between  two  ppucil.Hnf  pure  carbon  in  the 
recess  of  a  cavity  of  magnesia  or  other  alkaline  earth,  wonld 
certainly  be  one  of  the  most  Iw-autiful  .sourcas  of  light  that  it 
is  i)os.Hib!(*  to  realize." 

But  M.  Leroux  did  not  try  to  practically  utilize  the  result 
that  theory  had  made  him  fomsee,  and  it  was  no  loss  than 
eleven  years  later  that  M.  Clcrc  was  logically  brought  to  the 
same  conclusion  again  liy  the  line  of  research  that  we  have 
Jnst  described. 
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M.  ('U'rr  mndp  thn  two  rods  of  carbon,  that  formed  essen- 
tially Iho  JuljhM'hkoff  L-andJe,  abut  upon  a  bUjck  of  lime,  and 
the  arc  playing  across  this  block  was  not  extingiiLshed. 

Bat  the  arc  Hhift«<l  about,  and  pivc  always  a  flickering 
light.  T(;  tlx  it,  M.  Clerc  conceived  the  idea  of  placing 
against  the  carlions,  and  perpendicularly  to  the  block,  two 
thin  plates  of  lime,  provided  only  witli  a  small  slit  thmngh. 
which  the  arc  could  pa.ss.  The  arc  was  guided,  in  fact,  and  in 
consequence  the  light  became  absolutely  fixed. 

Nevertheless,  it  was  far  from  ]>erfect,  for  it  had  still  the 
violet  tints  due  to  the  presence  of  nirbunio  oxide  vapora, 
which  tints  the  radiation  from  the  block  of  lime  coujd  not 
wliiten  because  it  was  not  yet  liot  enough.  By  enclosing  the 
two  points  in  n  block  of  refractory  material  provided  with 
two  slits  destined  for  the  passage  of  the  voltaic  n.rc,  M.  Clerc 
succctnied  in  concentniting  the  heat  of  the  carbon-poh^s,  and 
while  dindiiishiiig  their  c-ouHuniption  in  raising  Ktill  higher 
the  tenip<'niture  of  the  block  ;  the  light  also  changed  its  color 
nnd  nsHunied  a  slightly  golden  tint,  like  that  of  the  sun,  which 
gsive  tlie  lamp  tlie  name  it  has  to-duy. 

In  spite  of  the  imimrlance  of  these  results,  tlic  snn-lnmp 
was  lacking  in  a  condition  mont  indispen.sablc  than  all  the 
others.  However  bcaulifid  it  might  l»e.  its  light  did  not  last. 
At  the  end  of  an  hour  the  voltaic  ai-c  became  biiried  in  the 
refractory  material,  and  the  light  was  lost  along  with  it  in  the 
cavern  it  liad  cut  out.  Other  materials  tried  in  place  of  lime 
resisied  no  Iwtter,  and  the  misfortune  seemed  im,*p:ind>le.  Its 
cause  \vtiA  this : 

When  the  voltaic  arc  is  started  l)etween  two  carbon- points, 
horizontal  or  inclined  one  toward  the  other,  it  lw>nds  and 
takes,  under  the  intlnence  of  the  ascending  currents  of  air,  the 
ourvrtl  fonn  that  gave  it  its  name.  If  the  refractory  block, 
which  is  cold,  l>e  brought  near  it,  the  arc  is  then  repelled,  and 
is  bent  in  the  opposite  direction  ;  but  the  material  soon  grows 
hot,  nnd,  at  the  end  of  a  certain  period,  the  arc  reassumes  its 
origimil  curved  form,  cutting  a  jKtssage  for  itself  in  the  block 
of  refnictory  material.  The  light  disappears  then  almost  en- 
tirely. 

S4>me  nmingement  must  be  sought  for  that  will  prevent  it 
burying  itself  in  this  cavity.    M.  Ulerc  removed  the  trouble 
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by  sliding  the  two  «i,ri)on-r(Hl8  throngh  two  holes,  bored 
tlirou^h  the  middle  of  the  n'frartory  ma-ss,  so  that  only  their 
jiuiutti  project.  Tlie  voltaic  arc  is  protlueed  between  these 
two  points,  licks  the  face  of  the  material  with  its  inteiior  lace, 
instead  of  ita  exterior  face  as 
before,  and  the  chrysalis  wiia 
At  full  liU'i'ty  to  develop  itself 
into  a  biittertl}'. 

At  the  same  time  the  heat 
of  the  bine  carbon  monoxide 
vapor  was  utilized  in  heating 
the  refnictoiy  material,  where 
it  produced  n  vitrified  surface, 
such  as  thiit  described  by  M. 
Lentiix.  Finally,  the  ax^para- 
tus  which  formerly  faced  up- 
wanl.  now  east  its  light  down- 
wanl,  generally  the  only  jwrt 
to  be  lighted ;  in  all  these 
cases  it  thi-ew  it  entirely  in 
a  single  direction,  which  of 
course  could  be  changed  at 
wUl. 

A  proi)er  refractory  mate- 
rial now  had  (o  be  chosen, 
which  wqniivd  a  large  num- 
ber of  experiments  and  differ- 
ent trials.  To  execute  them, 
M.  Clerc,  who  WHS  enpiged  in 
establishing  elec^tric  lights  on 

the  candle  system  in  several  cities  of  Belgium,  associated  with 
himself  one  of  his  friends,  Jf.  Bureau,  engineer  of  the  con- 
structiou  works  of  M.  Cai-els,  at  Gaud,  who  eventually  gave 
the  hunx^  ^  QorI  practical  form  and  arrangement 
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C,  (',  carbon-ri  in;  tho  currant  by 
Udc  wlr»  ■kiQWD'— otxiri;,  at  C,  Uie  aliace 
of  tbd  cTtu*-wclii>Q  la  L'ivcu. 

Biblockof  Dorblaor  cotii;  -'    -    !  mfi.tifvia, 

tbe   loner  finis  i>f  wliitii  Iii...iiigij  iinsm- 

AtAOtaU 
A,  A,  vwt^nm  box  holding  tho  piMv  or  ro> 

fractoiy  •toDC  vrhich  fono  Uie  ^nMct- 

iflfr  Kt««n  of  tb«  l«iii>. 

D,  •nuill  ■trip  of  plumbwfu  or  carbon  ««- 
lunlng  the  tips  of  tbc  otf  bon-nda,  to 
ligbt  iha  kinp.' 


irr. 

At  the  beginning  of  the  year  1880.  then,  the  sun-lnmp  was 
essentially  comjileled  in  all  its  parts,  as  we  see  it  to-day  (Pig. 
01).  It  would  be  difficult  to  find  anything  simpler  and  less 
delicate. 

It  comprises  two  semi-cylindrical  rods  of  corbou,   two 
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centimetres  in  (liamet«r,  inclined  at  an  angle  of  almut  16° 
toward  each  other,  and  Meiwiiitetl  by  a  wmall  blot-k  of  com- 
pressed magnesia  or  of  marble,  into  which  they  are  f(jrced 
down  to  a  small  cavity  made  in  the  lower  fa(«  of  the  block — 
a  cavity  in  which  the  voltaic  arc  is  produced.  Pieces  of  re- 
fractory stone  inclosed  in  a  cast-u-on  Ikjx  form  a  protecting 
screen  around  the  whole  apparatus,  and  may  be  as  large  as 
desired,  as  they  mn  canse  no  imaginable  inconvenience  since 
they  cast  no  shadow  below.  Finally,  a  strip  of  plumbago 
unites  the  two  points  of  the  carbon-rods  to  cause  the  first  pas- 
sage of  the  current  and  consequent  lighting  of  the  lamp. 

The  steadiness  which  is  the  great  object  souglit  for  in  vol- 
taic lamps  was  here  attained  almost  in  perfection.  In  a  word, 
the  principal  cause  of  the  variations  of  the  electric  light  is 
the  instability  of  the  arc,  which  at  eveiy  instant  changes  the 
point  where  it  leaves,  or  springs  fr<rtn  the  carbon  electrodes, 
and  consequently  its  jwith  through  the  air.  Hence  come  the 
alternations  of  light  and  weakened  intensity,  as  well  as  the 
changes  in  c^ilor  from  red  to  bine.  In  the  sun-lamp  the  arc 
can  change  just  as  freely  its  point  of  departure  from  the  car- 
bons ;  but  it  has  to  pass  thn^ugh  the  only  path  that  is  open 
to  It  through  the  refractory  material.  This  gives  It  an  abso- 
lutely fixed  and  invariable  position. 

A  second  cause  of  fixity  is  due  to  the  fact  that  the  greater 
part  of  the  light  is  due  to  a  refractory  body  in  a  state  of  in- 
candescence under  the  influence  of  the  enormous  temperature 
of  the  arc.  For,  if  the  intensity  of  the  current  varies  for  any 
reason,  these  variations  do  not  manifest  themselves  rapidly 
nor  in  a  very  sensible  manner,  for  the  temperature  of  the  in- 
candescent medium  can  not  vary  quickly,  and  it  is  this  incan- 
descence which  produces  the  light.  It  constitutes  as  it  were 
a  fly-wbf>el,  to  horrow  a  mechanical  metaphor,  and  rcgnlates 
the  emission  of  light  by  the  quantity  of  heat  which  it  keeps 
stored  up  ready  to  be  restored  to  the  arc  at  the  proper  mo- 
ment. From  another  point  of  new,  in  all  tlie  arc  systems  the 
light  is  given  by  the  i>oint3  of  the  carbons,  and  it  contains 
many  blue  and  violet  rays.  It  is  these  rays,  and  the  continual 
and  sudden  variations  in  intensity,  which  are  the  cause  of  its 
injurious  action  on  the  eye — an  action  so  often  and  sometimes 
80  justly  complained  of  in  the  electric  light.  In  the  sun-lamps, 
the  carbons  being  c<:»mpli>tcly  hidden  in  the  midst  of  the  refrac- 
tory material,  their  points  arc  innsible. 
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Finally,  tiht^  hlork  as  it  is  used  dropH  u  irertain  iimnunt  of 
diift,  wliich,  iifl«r  a  n^rtain  f  inic,  soils  thi^  ^Inlie  (if  the  lamp, 
and  r4)nstitiit;<?-s  ils  prinripal  defei^t.  This  dofertwouhJ  dmp- 
pear  in  th«  moat  nahiml  manner  if  the  glass  glohe  were  etip- 
ppcaswl,  which  is  !i.II  that  shows  the  trouble,  and  in  many 
r4UH:!tt  this  i'jin  he  done. 

Tht?  luminous  center,  instead  of  heing  reduced  to  a  daz- 
zling i)oint^  has  a  certain  volume  ;  tlie  light  possesw's  a  Jixity 
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ftlmost  absolute,  and  a  yellow  tijige  very  agreeable  to  the 
retina,  which  is,  on  the  contrary,  so  sensitive  to  the  violet 
raya ;  there  need,  then,  be  no  fear  for  the  eye,  even  when  in 
the  presence  of  the  most  intense  lights.  TTiis  can  serve  ae 
additiotial  proof  of  what  the  ophthalmologists  have  long  ago 
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THE  IXCANDESCENT  UGUT. 


Stated,  that  the  artiticial  lights  which  we  are  diaciwaing,  al- 
ways weaker  than  that  of  the  sun.  do  iis  no  injiirj'  by  their 
intea-rity,  but  oiUy  by  their  ijarticukix  nature. 

The  working  of  the  sun-lamp  b  as  fflmple  bs  possible. 
Generally  it  is  Hus|>emled.  and  (he  two  carbon.**,  placed  verti- 
cally, descend  liy  their  weight  alone  jiust  as  fast  as  they  are 
consumed.  A  flexible  wire  ronducts  the  electrical  currents, 
and  follows  them  up  without  difficulty  in  their  movement  of 
dcHcent  (.l-Mg.  92).  When  one  wishes  to  iuctine  or  reverse  the 
position  of  the  lamp,  the  carbons  are  pushed  by  ordinary 
heliral  iifiringSf  or  else  by  counter-weights. 

The  carbfJUii,  too,  are  of  verj'  ordinary  quality,  do  not  need 
much  purity,  and,  Iwicause  of  their  size.  Imm  very  slowly — 
only  ii  centimetre  an  liimr  when  they  are  luird,  like  retort-car- 
bona,  at  the  most  rlouble  that  when  they  are  soft.  Thus  there 
is  no  trouble  in  putting  in  the  upparutus  carbons  long  enough 
to  bum  tifl^i^n  or  sixteen  hours — that  is  t^»  fsiy,  more  than  is 
ever  reipiired  in  practice.  The  lamp,  all  i>rei)ared,  only  costs 
Ave  francs,  which  gives  some  idea  of  its  simplicity. 

As  iu  the  candle  .nystems,  alternating  currents  are  used  for 
lighting,  HO  that  the  two  rods  of  carbon  ai-e  used  equally. 
The  rustling  inseirarable  fn)ra  this  kind  of  current  is  quite 
disagreeable.  It  is  almost  entin^ly  suppressed  or  concealed 
now  by  placing  the  himp  in  a  chised  lantern,  the  inconven- 
ience of  which  we  have  already  seen.  But  this  trouble  can 
be  iivoidotl,  on  the  other  hand,  by  using  continuous  currents. 

I*Voin  the  point  of  view  of  its  electrical  working,  the  sun- 
lanip  can  be  subjected  to  great  variations  in  cnment  without 
the  lixity  and  coloration  of  its  light  being  sensibly  affected, 
and  it  resi-sts  to  a  very  high  degren  the  causes  of  extinction. 
None  of  the  systems  of  regulator  lighting  C4in  he  compared 
to  it  In  these  respects  ;  as  it  is  also  sujierior  fn)m  this  point  of 
view  to  open-air  incandescent  lamps,  of  which  we  luive  sjjokeu 
ill  the  jireceding  (chapter. 

If,  in  consequence  of  a  variutifm  of  the  dynamo  Kjieed 
caused  by  a  slipping  belt,  for  instance,  or  by  any  other  cause, 
the  iuten»ity  of  the  current  diminishes,  the  luminous  intensity 
ahme  will  diminish.  To  produce  extinctinn  of  the  light,  it 
will  bo  necessary  fi>r  the  current  to  fall  more  than  one  half, 
and  to  remain  at  this  degree  of  weakness  for  nejuly  a  minute. 
A  sudden  incnmse  in  intensity  of  ciun-nt  will  preaent  stDI 
less  inconvenience,  even  af t«r  it  will  liavo  reached  such  a  degree 
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nn  wniihl  fXinHtiniU*  n  HorUiiin  danger  for  tiiiiny  »tlier  syn1.tiii]H. 
Til*'  ftiiri-lum])  cmliirpM,  for  inHtunoe,  without  the  loiiat  trouble, 
II  (iiirn-nt  tUntt  or  fiiur  \inwn  Ktrrm^nr  tliiin  tho  nnrmnl  riir- 
n^nr,  wliitJi  w  (Mitin^ly  h(»yonrl  any  viiriufions  whirh  cjiii  be 
wxpcrhnl.  The  only  ntHiilf  iluil  fnllowi*  Ih  tht*  Hiidileii  niisliig 
to  II  vnhui  nf  livn  hiiiuln>il  ('iiitcIh  the  lump  which  fnniuTly 
imly  wiiH  giving  ilii;  qiuirtvr  of  it.  Hut  nil  Moon  i-cnirriM  to 
r<»gulftr  oninr,  without  any  part  of  the  iipparatus  hoing  dls- 
oi-giLiiiwH). 

Tliirt  oxcoptiiinal  pow.tr  »(  resistanoo  to  oh^ptriral  vario- 
tloitH  Ih  4'44po('Iully  <tiin  to  tho  luTtion  of  tht>  inciLncU'sceut  re- 
fniftory  Huhrttjincc,  which  Kronen  up  and  rcwton^ii  heat  as  we 
hiLVK  oxplaiiit'd  itlKuit. 

Novortlu'Ii'w*.  na  an  I'xllnrtion  can  ho  prodiKHxt  all  tlie 
Mktne,  It  U  ]>rnvi<1tKl  for  }>y  placing  Two  laitipH  in  tli<*  ManiH  cir- 
cuit. Only  nno  Hhould  wnric,  the  Nooond  is  simply  dt'.sigued 
U)  ii>]tluco  tho  i\mt  in  cuhm  of  nrcidonl.  Thu  thing  i.s  donu  io- 
Bliintnni'oiifily,  withdul  nccil  of  any  iH^rsmuil  aid,  by  nie:tnH  of 
an  iiutoniallc  ^twitch,  which  (uiiik  the  currunl  from  oiio  lamp 
llil<Mhc  otluT.  Thlft  NwiU'h  id  governwi  by  a  ftniall  eltH'tro- 
niugnot  phtccd  in  a  di>rivi»d  cirnuiu  If  t\w  working  lump  goi^a 
out,  the  principal  cnrrtMil,  siiddiMdy  mIopihhI,  ih  fon'tHl  inlo  tho 
dcrivi'd  cimiiit.,  and  aiigmentit  mnnnouMly  tho  font)  of  the 
Miimll  elect ixi-nuignotf  which  Ihim  beoonii^  cuiHtbli*  of  moving 
the  riwiU^li, 

It  would,  without  lioubt,  Iw  nimjiler  to  ndiglit  (he  name 
lamp,  aa  it  is  iilwavH  n^idy  in  Hpttt>  of  it.s  t»m|)<iniry  t!Xlino- 
tina.  Vol'  thin  (he  |HiiiitH  of  (he  carbtiUN  muHl  be  bnniglit  to- 
gtithor  HO  tiH  Ui  rp-fKlabll-sh  the  voltai<'  arc.  MM.  Clen;  luid 
}lun>an  havi>  roinbined  with  the  lump  a  U(tlt>  regidutor,  with 
derivinl  curn'iit  isoleiinid.  which  pnKluceM  ttiis  n^siilt  aiil4miat- 
icaily.  Hut,  Hiinph)  a;*  thia  umingt*ment  ia,  it  complir4itcji 
the  ai>i)>iLnittis  a  little,  and  tukcN  away  from  it  in  iNirt  ittn  char- 
Hclerof  pei-rert  f*irnpliciiy  which  makes  it  ho  rtmmrkubly  five 
from  demngf^mout 

IV. 

Arrordlng  to  experimonta  miul(>  in  UrusmOs.  in  (hn  montli 
of  ScptenibiT,  IHWi.  by  M.  I)(^nln»  for  the  Intemationnl  Con- 
ftmw  of  rommentt  and  nf  Industry,  the  suii-lanip  uc^hIh  no 
more  motive  jiower  than  the  betit  rogulat^ir  9yst**raH.  and  its 
oailHma  oast  muoli  Ipkl     But,  Ivfore  pronouncing  upon  the-se 


J 

p 

■ 

^1 

^^^^ 

pw^^^^^^B 

^          ^^  ^ 

^^MMH 

a,'.. 

- 

1 

.  ■  '' . 

''  ^E^^^ 

r 

■ 

^  yr-  ^   ■ 

^S^ 

I 

^    ^,ne     ^     . 

^ 

Li  iJJ^^I 

■ 

'"A. 

''^S^*>-     --^^5S>^ 

TT 

BP^^*'^ 

i^  ^ 

1 

■^ 

■ 

^^^^^Hvift^                 qBH 

^K^ — *r^^':- 

1^^ 

c4  A-> 

A, 

^^■iK^Ftfl 

1  ^  -'"^^^'4  ^^  ~^^*Bi 

■ 

;        '*  ' 

*  "V  ~ ^^^^^^             ^HB 

BMK 

i'  * 

*1 

.   3 

V 

— > 

1 

'• 

^    1   it  11                             ^^^M 

ui        .      ■ 

■e 

1^        I    1         ■ 

■M 

mf  1  1                     .^^H 

fK        1           M 

^ 

^J|.       .                                      .^ 

1  rV  1  .          i^H 

-.J* 

\B      \     -^ 

— 

■ 

'  li  "'\\           '^'  i 

:^L^ '  *•   bR 

*4ii 

W     1^ 

a 

■  ■-     *5^J 

■V^^^    TW       1 

t^'^^F' 

m.      In^B 

£ 

^^H 

,          •-.   *  ^    1  *■ 

V'M 

■   ^'^fefc 

1 

^^^^^1 

-^^^^^^K^^ 

^^  ^  ■                 ^ 

-^  ^   ^HVr 

e 

■ 

.^jra| 

f : -•       ^ 

m^ 

'     —  ^           i' 

•^ 

1 

JmA^iKr 

1 

^^^^^^H 1 

.  ill 

1 

■ 

H         l^H 

'     1 

^ 

-ir 

iPi^p 

T 

1 

HwELl  1  ^^ 

t     1 

H» 

n 

r^, 

'    1 

1 

^   PPOH 

BM^^^T         « 

^•^^^^^H 

9r^*^ 

■  jr 

» 

-    I-IV^K      J 

1      ':^^^^l 

.2. 

V 

- 

4 

^'SMT        i^ 

•1 

-i^ 

iS^    ■ 

J 

1                                                 i 

/jcn 

^.-^-^      ..je. 

•  r.-4a^=si^^ 

4" 

1 

'  LiSHn  - 

f^: 

\ 

■ 

IBP^^^ 

J 

r 

THE  SUN-LAVP. 


14T 


tlifft^rent  points  finally,  it  is  necessary  to  wait  for  prolonged 
pnictical  experiments  on  a  large  scale. 

These  experiments  the  sun-lamp  is  still  too  rerent  to  liave 
furnished,  although  it  has  already  been  productKl  in  public 
in  Brassels,  iU  native  eonntry,  in  London,  and  in  I'aria.  In 
Brussels  it  has  lighted  for  ii  long  time  one  of  the  laj-gc  rolTee- 
houses  of  tlie  city. 

At  Paris  it  has  b*«n  in  use  for  a  month  in  the  entrance  to 
the  passage  Joiiffroy  <Fig.  03)  and  in  the  mayonilty-house  in 
the  Rue  Drouot,  where  it  pi*oduced  a  very  good  impreasion ; 
it  participated  hiilliantly  in  the  national  fHc  of  July  14th, 
1881,  in  the  Place  de  Chateau  d'Eau.  Soon  it  will  be  seen 
under  more  difficult  conditions. 

M.  Ch,  Gamier  i>r<:>po9es.  in  fart,  to  choose  it  for  trying, 
at  the  same  time  with  the  Edison  light,  the  electric  lighting 
of  the  grand  lobby  of  the  Opera,  where  the  gas  is  in  a  fair 
way  to  destroy  the  beautiful  pictures  of  Bandry.  The  Kdi- 
soQ  light  is  to  till  all  the  lusters,  and  the  sun-lamp,  hidden  in 
the  omamentjs  of  l)rouze,  will  cast  upon  the  platform  floods  of 
light  whow?  origin  can  not  l)e  aeen  by  the  sjieclators.  This 
new  light,  wliich  produces  haidly  any  heat,  will  permit  s()on 
a  useful  effectual  cleaning  of  the  works  of  Baudry,  s(»  badly 
blackened  by  Ihe  ]>estifBrous  exhulatious  of  gas. 

At  Lt)ndou  twenty-four  sun-lamps  have  lieen  established 
since  the  month  of  July,  1881,  in  the  Westminster  panorama, 
where  it  ap]iearsthat  they  have  wiuj  the  suffrages  of  all.  No 
one,  in  fact,  can  deny  that  they  are  not  fur  sujmrior  ix\  the 
r^ulator  lumps  for  the  lighting  up  of  pictui-es.  All  could  see 
this  at  the  Electrical  b^x]><>sitiou  at  Paris,  whem  they  occupied 
a  room  entirely  fiiniijHhed  with  chithsof  all  kmds,  which  were 
not  all  very  bright  in  tcme  nor  easy  to  l>e  lighted  up.  It  is 
certain  that  the  (^lom  underwent  no  alteratiou,  and  perhaps, 
indeed,  the  electric  light  made  the  designs  come  out  better 
than  does  the  daylight. 

The  effect  is  more  complete  still  when  the  lamps  are 
screened  by  a  cloth  on  the  side  of  the  obseiTer,  as  the  picture- 
merchants  always  do  who  wish  to  display  their  mewihandise. 
It  is  thus,  for  instance,  that  they  are  arranged  in  London  at 
the  Westminster  jMLuorama,  and  the  arrangement  adopted  in 
Paris,  in  the  gmnd  lobby  of  the  Opera,  is  cqnivalent  to  this, 
as  the  luminous  centers  art^  not  visible. 
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CHAPTER  rV. 


TBS    EDJSOff    LAMP. 


American  as  he  is.  Edison  has  no  need  of  introduction  to 
the  European  public.  Ilis  name  has  already  won  everywhere 
the  celebrity  of  great  inventors  by  a  crowd  of  discoveries, 
mostly  relating  to  electricity  ;  it  is  enough  to  cite  the  pliono- 
graph  and  carbon- telephone,  which  has  almost  everywhere 
replaced  the  telephone  of  Qrdham  Bell. 

It  was  in  1878  that  Edison  began  to  be  occupied  with  the 
electric  light.  His  project  wa^  conceived  during  a  voyage  to 
the  Rocky  Mountains,  in  company  with  Draper,  whose  many 
8<:ientitic  works,  translated  into  all  the  languages  of  the  Old 
World,  have  made  his  name  as  popular  in  Eiirt>pe  as  in 
America.  On  his  retui-n  hpset  to  work  immediately,  with  the 
promptitude  of  resolutii>n  which  clmracterizps  Us  cornpatriols. 

IIi.s  laboratory,  in  Mealo  i*ark,  was  alreiidy  full  of  tele- 
phones or  of  phonographs  of  all  kindis  and  of  materials  and 
apparatus  designed  to  perfect  them.  In  the  twinkling  of  an 
eye  all  these  were  sent  to  the  storehouse,  to  give  place  to  a 
new  order  of  work,  corresponding  to  a  different  character  of 
studies,  even  if  electricity  was  .still  the  base  of  work. 


I.  Tits  First  Rk.skakciies. 

In  this  ten-itory,  ali-eady  well  worked  over  during  several 
years,  Edison  "took  the  bull  by  the  horns"  by  placing  before 
himself  the  problem  in  its  full  extent  and  under  the  most 
extreme  difficulties.  He  sought  for  a  complete  solution  ;  to 
make  it  do  everything  which  gas  c<mld  do— in  furnishing 
a  light  of  constant  int^-nsity,  easily  manngeablp,  cjipable  of 
being  placed  everywhere  in  .sm-jll  amounts  like  our  actual 
gas-jetfl,  corresponding  to  eight  or  sixteen  candles— that  is,  to 
one  or  to  two  rarcels  ;  but  he  was  to  make  it  do  ail  this  better 
tlian  ga«,  in  giving  a  light  deprived  of  all  odor,  which  would 
not  transform  salons  into  fumaiHW,  and  would  emit  no  vapor 
injuri<mH  tio  th<i  health  of  man.  destructive  to  furniture  or 
to  delicate  pictures,  multiplied  ai-ound  us.  This  is  the  pnib- 
lem  csirresjMmding  at  once  to  the  fixity  and  divisibility  of  the 
el«!tri(!  light,  it  i^eniains  to  sw?  t<)  what  extent  and  at  w^hat 
price  this  programme  lian  been  carried  out. 


ISO 


TIIE  IKCAXOBSCEKT  I.IGBT. 


t^liwin  natiimlly  began  with  the  roltaie  atr*  aaed  nnw  in 
nifwt  of  thi*  known  Myftt»'mM.  Tliis  voltaic  arc.  whose  liimi- 
iioiis  wiirkin^;  ha.**  I^'en  explnitiPfl  in  a  preceding  chapci^r,  did 
not  givH  a  .steady  li^ht,  whirh  is  printiimily  due  to  two  causes : 

Kirsr.  the  electric  cnrrent  w  hiih  flows  from  one  rarlxm-pole 
t4i  the  otlier  is  less  a  tnie  cnrrent  tlian  a  very  rapid  succes- 
sion of  instanfaneoHs  currents  or  sparks;  this  electrical  di»- 
continuit}- creates  a  sort  of  liiniinnus  flickering  verj'  painfull 
to  the  eye,  and  accompnniwl  lM*mdes  very  often  Ity  u  sonoruiis 
hissing.  Finally,  the  carbon-]>oIe,s,  which  appear  to  q8  very 
thin.  ar«  in  reality  very  lar^e  comp!m'<l  to  the  electrical  mole- 
coJes ;  now,  the  current  pasfw-x  from  one  pole  to  the  other, 
following  the  line  of  the  waiTnf'st  particles  of  air,  because  the 
beating  renders  them  I>etter  c<mdnctor8,  and  this  line  can  not 
always  be  the  same  in  air  (liaturl>Bcl  by  currents.  Then  each 
electric  dtschai-ge  from  a  pole  stjirts  from  the  part  of  the  pole 
where  the  tension  is  greatest,  and  this  point  also  will  vary. 

On  account  of  these  and  still  other  circumstances,  the  vol- 
taic am  which  oscillates  from  right  to  left  and  left  to  right,  at 
the  BRme  time  owillates  also  in  a  certain  sense  from  above 
downwanl  and  the  revei-se,  bef;au.se  it  is  formed  by  distinct 
mrcenfive  discharges.  Uere  was  a  double  obstacle  to  over- 
born'' to  obtain  a  light  of  constant  intensity  such  as  li^dison 

tgBliij[_  no  good  practical  means  of  attaining  this  end,  he 
Mtmee  iiimndoned  the  voltaic  air  and  itr«  tixnibles.  and,  with- 
<«nt  fnrtber  delay,  turneil  lu  the  other  method  of  developing 
-I^Hrtric  Ujfhl :  the  incjindesceuce  of  a  conductor  traversed  by  a 
0ll0r/rt0  raiTRnt,  whose  molecules,  linding  no  longer  a  sutfii-ient 
fmn  piumm^fn,  mb  one  agaiuMt  the  other,  rome  in  cimtact  with 
ttkm  wwiCariil  noleeuleH,  and  heat  this  insufficient  pa^Hage  u] 
«fr  •  Milk  tMHI*™  lure. 

*f)m  Mm  wu  not  new  in  ititelE,  for  it  went  back  at  least  a 
lHlvvi  n9  ft  lemltuy — that  is  to  say.  (o  I84fi— as  we  hare  seen  In 
0  utmnHktff  timptet.  More  recently,  in  l,*^i,  a  Riisnau  ph^-sl- 
"  * j^Afgnbf^  tnok  up  the  idea  of  Starr,  and  had  hevn 
4||i.  .  .1  him  tnm  hy  sevemi  others.  UufortanateJy,  he 
/4imir  RVMMMt  ^<b  a  decisive  obstacle,  fnini  the  industrial 
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point  of  view,  though  it  may  seem  of  little  account  in  the  eyes 
of  the  sjivant :  this  obstacle  is  the  cost  of  production. 

Tnrandesr«nce  is  not  siihjent  to  two  causes  of  trouble  that 
affe(5t  the  voltaic  arc ;  it  can,  then,  if  it  avoids  the  iwrils  of 
annther  »ort,  furnish  a  perfectly  steiuly  light.  But  the  lu- 
cundcsrent  body  presents  a  cooling  snrfaoe  much  larger,  and 
mdiates  li«it  more  easily,  than  the  [uirticles  of  air  heated  by 
the  voltaic  arc.  It  loses,  then,  much  more  energy  without 
useful  result— that  is  to  say,  without  coiresponding  light. 
In  other  terms,  the  economical  return  of  (he  system  is  very 
small  ;  with  the  same  souree  of  electiicity  the  iscandescent 
system  furnishes  much  le*s  light  tlian  the  voltaic  air ;  in  con- 
sequence, this  light  costs  more.  Now,  a  light  that  is  too 
costly,  whatever  l>e  its  other  gtwd  qualities,  is  in  practice  a 
Utopia. 

The  weak  jioint  of  the  system,  it  will  be  seen,  resides  in 
the  matter  that  is  made  incandescenr.  If  the  defects  of  the 
substance  in  question  could  be  suppi^essed  or  at  least  realntined 
to  a  sufficient  extent,  the  rest  could  be  arranged.  It  is,  then, 
on  the  class  of  material,  and  the  disposition  to  be  made  of  it, 
that  all  his  care  was  to  be  expended,  as  this  was  the  root  of 
the  whole  matter.  Edison  was  not  wanting.  To  attain  his  end, 
he  was  obliged  to  display  mar>'els  of  tenacity  and  patience, 
and  use  at  the  same  time  the  immense  means  of  action  which 
American  capitalists  gladly  place  at  the  service  of  inventors. 

This  incandescent  material  also,  like  the  valet  of  the  com- 
edy, should  unite  many  qualities  in  itself  which  are  verj'  diffi- 
cult to  find.  In  the  fii-st  place,  it  should  remuin  incandescent 
without  Imi-ning,  otherwise  the  apparatus  would  be  consumed 
immediately,  and  would  be  unable  to  afford  any  real  service. 
In  the  second  jjlace,  it  should  offer  to  the  passage  of  the  cur- 
rent a  resistance  precisely  such  as  would  bring  about  the  in- 
crease of  heating  which  produces  inciindescence.  In  the  third 
place,  it  should  l>e  infusible  under  tbe  inlluence  of  this  high 
d^^M*  of  heat,  n(t  as  not  to  dlsapjwar  as  quickly  as  if  it 
burned.  In  tlie  fnurth  place,  it  should  alao  not  be  oxidinable, 
which  would  bring  alM»ut  its  destruction  the  .same  as  if  by  an 
ordinary  combustion. 

In  the  fifth  place,  as  it  shoiUd,  for  increasing  the  resistance 
to  the  current,  be  reducible  to  fine  tilaments  like  a  woman*8 
liair,  it  should  lie  cajmble  of  pj-esernng  a  rigid  form  even  at 
this  slate  of  ideal  thinness.     In  the  sixth  place,  it  should  be 
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arrunged  to  dimininh  lus  miinh  as  posmhle  the  condTictivity  of 
it8  middle  swtion,  for  clertricity,  and,  iibov*?  nil,  for  heat,  so 
as  lo  avoid  (Iw  rhilling  wtiirh  wnuld  carry  with  it  a  ronsid^r- 
ahle  loss  of  energy — a  loss  whicli  constitutes  the  principul 
trouble  of  the  system.  In  the  sevtmth  pliuv— Imt  the  enii- 
iDt'mtJon  is  not  nearly  ended,  and  enough  is  presented  here 
to  illustrate  the  dilHrulties  of  the  subject.  What  substance 
wuuJd  be  worthy  of  )>eing  the  valet  of  bo  exacting  a  master  it 
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n.  Platinum-Wire  L^vmps. 

Edison  first  tried  platinum  and  the  very  rare  metals  which 
are  <aile<l  metals  of  the  platinum  group,  as  tliey  ai-e  usually 
found  associated  with  it  in  the  same  minerals.     Platinum 

is  easily  reduced  to  as 
thin  wire  as  can  be  de- 
sired, even  to  the  point 
of  iKjing  invisible;  even 
in  this!!sUiteuf  tinenessit 
retains  enough  consist- 
ence to  keej)  the  shape 
that  is  given  to  it,  and 
ita  Hexihility  suffers  it 
to  be  rolled  in  all  con- 
ceivable directions  with- 
out breaking.  Edison 
made  with  it  a  .siuail 
H])iral,  whicli  he  inclosed 
in  a  ve»iel  of  glass  as 
large  us  u  sitiatl  apple. 
This  vessel,  which  real- 
ly biid  th«  nIiii|m'  of  an  apple,  was  closed  at  its  base  by  a  muss 
t/t  pIdMler  which  Itic  metallic  condu(^tors  puttsed  through,  eon- 
d'i''flrig  llieciini'id.  through  the  platinum  spiral  destined  to 
iDiiiiiliinffi  by  Inriindescrnce  (Fig.  {Jri). 

Ilitn^  wim  the  l']<lisoti  tump,  iu  its  lirst  design,  perfectly  in- 
>ri<(|i"iM]eiit  ill  Its  movements,  and  rat*>^ble  of  assuming  all  forms 
Mrt  fill  nUH\rtm  tlnit  cnuld  )>e  desired.  It  sufiieed,  in  fiu^t,  to 
mkif  f  till  ri|i|(amtus  wcirk,  to  place  the  metallic  conductors  in 
Kv/nlM't  whli  liny  wln^s  Iiringing  the  electric  current,  i>erhapa, 
^  .  'i*w\  dlsfiiric^',  and  tliese  electrical  wires  would  be  sus- 
'    .  tfl  finding  Int^t  all  comers,  like  ihe  wires  of  electric 
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Fin.  fifl.~FI(iiHin  Lwnp  uriLh   iiiaknil(«c«I)t  pUtiOlim  apdnU,  pnv- 


a,  *|<inU  of  plMinuiD,  U> 
b«  nad«ml  iuwu- 
dtvoent.  It  is  nt- 
Uchfil  tu  twu  bind* 
Iturfo^*-  tiaX  on 
tbc  right  in  eonaCH^ 
ed  hj  liie  win  m 
wiUi  tlio  top  flaw  *f ; 
the  oLhor  la  ■llMheil 
by  ■  win  iT  to  the 
ptnon  1,  uriil  Itiu 
flutgoiii)[  Aire  n. 

^,  kI>m  vjUndet  oin- 
taining  lbs  ajiiml  a, 
Id  wUoh  a  vaouuin 
can  b»  produced. 
Mr.  Edloon  ln<ll- 
OMM  al*o  the  «n> 
ploytnent  of  two 
flOBeeatftc  cylindam, 

the  anuuLcU'  •pooo 
b«tVHn  which  nuqr 
oantniTi  t^rtiiin  llq- 
Uidii,  iiui'ti  B«  tbo 
■ulphUr  o(  qulnino. 
4,  h>]>  plMv  of  vyWa- 

deri. 
X  >',  mall  matalllc  nd 
[MBing  Uinragh  tlw 
«nt«r  at  the  qtiral 
a,  anddracf  tiding  au 
aa  to  nv-t  upou  tli« 
lirrcr  «,  wblvh  It 
fonwa  down  wliitii- 
ever  il  U  elongated 
bjr  ifao  esratiwlcui 
(Joe  to  t)ie  hitat  d»- 
vcloptd  iu  it  \>y  ihe 
pwaa([B  of  tliu  OUT- 
Tonl,  and  by  the  ra- 
dlatiori  rmm  tho  in- 
cMDdeMcrii  Hpiral. 
*,  lever  )rivoi(»d  at  o,  and 
in«aluU<>].    When  it 


la  pnMed  down  by  the  rod  x  z*,  U  fomu  a  oontaFt  at  lt«  uxtnmit;  whli  tlw  i>l(«e  »,  utd 
providaaapaaaagvfbrapait  oTtlievumnt  Anwinjt  ihrou)tb  ilie*|^'ir«l. 

•,  pieoe  carryiBc  Ibe  aalbty  eaolacC  and  ita  ntfcuktiox  bctvw  r. 

F,  N,  /,  fl,  A,  i,  vlna  Mid  bindbof-poitt  Ibr  tbo  oDtmca  and  di^amfe  of  tbe  enrrEoL 

f,  baoa  of  tig»  ry  Under  h. 

*,/,  f,  foot  of  the  lamp. 

The  emrent  arriv«a  at  P,  paaae*  tbrougfa  P,  N,  8,  x  a',  </, «,  e,  a.  /,  <, »,  <!,  K.  Tbe 
■hunt  la  ealabUahed  tbroogh  8,  •,  ■>.  h  la  eridont  that  thia  amageaawt  oaaaw  ao  iniar- 
mitmt  acdeo,  wUcb  rmden  It  verrdilSeuU  to  obtain  iiaU)mtt7«f  U|^lio  theapbal  a. 


bells  now  oniversally  used.  Nothing  can  be  Ima^ned  more 
pimple  in  its  general  aspect;  we  dhall  see  that  this  apparent 
simplicity  lii<l  many  real  complications  (Fig.  90). 
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[Anotlier  fonii  <jf  Ibis  lump,  and  the  one  which  Mr.  Edison 
dtssignwl  iimng  before  he  suw^eeded  with  carbon,  is  shown  in 
Pij;.  07.  The  platinum  wire  is  coiled  upon  a  spool  of  lime  or 
similar  infusible  material,  rf,  which  is  supported  by  a  stick,  (?, 
of  the  same  material.  The  terminal  wires,  /",  g^  of  the  orjil 
are  sealed  into  the  glass  of  the  inclosing  envelope,  B,  in  which 

a  vacuum  is  pnxluced.  The  glass,  B, 
is  placed  within  another,  c,  which  la 
closed  by  »  lMise-]»ie('e  containing  iin 
aneroid  chamber,  ;/.  npt-rated  by  the 
expansion  of  (he  air  l)etween  the  two 
glaaaea.  When,  on  account  of  too  much 
current  punsin^  tlirough  the  platinum 
Hpiral,  this  air  is  abnnnnally  heated, 
the  lower  surface  of  tlie  chamber,  7i, 
become-s  distended,  and,  through  the 
medium  of  (lie  iM)Ht,  «,  depresses  the 
lever,  />,  iind  luiiaks  the  circuit  at  R. 
This  n'mainH  interruj>l*Hl  until  the  con- 
tmction  of  the  air  allows  the  lever  to 
move  upward  and  again  make  contact. 
A  regidnting  .screw  serves  to  adjust  the 
frame  carrj-ing  the  lever,  and  henr<>  the 
expansion  neces- 
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sarj'  to  break  the 
circuit.] 

In  the  small 
glass  globe, 
where  the  light  spiral  of  platinum  was 
horizontully  extended,  a  vatMium  had 
to  bo  maintained  forsevei-al  reii.'ioaa: 
first,  to  diminish  the  loss  of  electric- 
ity, and,  above  all,  of  heat ;  finally,  to 
prevent  the  oxidation  of  the  platinumt 
fa^dlitated  by  its  high  temperature. 
When  a  vacuum  waa  i>riHliicod  by  eome  of  the  highly  per- 
fected processes,  which  we  shall  presently  describe,  the  differ- 
ent ga.'ies  retained  in  thi;  porl^s  of  the  platinum  escaped. 
Thereupon,  under  the  action  of  the  passage  of  the  current, 
the  metal  presented  entirely  new  physical  properties,  80  that 
some  physiciHts  suppos««l  it  to  be  a  new  metal.  It  became 
hard  like  steel,  became  us  ausceptible  of  polish  as  silver,  and 


Fw.  07.— EdUon'n  pbticium 
Ump,  ir'tth  ra^liior (i]icr- 
abtl  bj  expaiiitiou  of  licai- 
*d  air. 
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acquired  a  very  high  degret^  of  eluaticiiy,  which  faciHlat«d 
greatly  ihe  faiitastir  twintin ^s  t<i  which  it  wan  subjeoffil.  But, 
above  all,  it  acquired  a  much  greatt-r  caloritio  capacity,  and 
only  fused  at  a  very  high  temperature,  so  that  it  could  be 
made  much  more  luminous.  EdisoD  even  states  that  he  suc- 
ceeded in  thus  obtaining  a  light  equal  to  eight  candles  with  a 
wire  that  under  ordinary  circumstances  could  only  have  given 
a  light  of  one  candle. 

The  spiral  shape  given  to  the  platinum  wire  was  designed 
to  diminish  the  loss  of  heat  due  to  radiation.  Every  turn  of 
t.he  Hpiral  or  helix  radiated  heat  upon  the  other  spirals,  so  that 
a  part  of  the  heat  i-adiated  is  utilized  in  a  mutual  reheating 
of  the  spirals  one  by  the  other.  To  further  diminish  the  loss 
of  heat  the  wire  was  covered,  by  means  of  a  brush,  ^^ith  a  ihin 
coating  of  a  metallic  oxide;  a  number  of  oxidos  were  tried, 
those  of  the  alkaline  earth  metals,  and  a  great  number  of  others 
from  magnesia,  lime,  and  zinc  oxide,  uj)  to  the  oxides  of  the 
rarer  metals,  of  glycenium,  zin^onium,  and  even  of  thorium. 

In  spite  of  ail  his  efforts,  Edison  was  forced,  like  many 
others  before  Mm.  t*j  aliandon  j^latinum  and  its  i^elated  metals. 
The  wires  melL  wht-n  the  cnrrent  acqmres  too  high  an  inten- 
sity, or,  if  it  does  not  melt,  it  disintegrates,  and  Is  thus  rap- 
idly rendered  useless. 


III.  Lamps  with  Paper  Carbon. 

Having  aitandnned  platinum,  Kdison  turned  his  attention 
to  rairljon,  which  a.ssume,s  in  nature  so  many  ditfereni  forms. 
Alrejidy,  in  1877,  tx^fore  studying  Ihe  elei^tric  liglU>  wliile still 
working  on  the  t^-lfjihone,  hn  Iia4  suveraJ  times  made  obser- 
vations which  would  lead  him  in  this  direction.  It  was  in 
repeating,  with  slight  variaticui.  the  experiment  known  under 
the  name  of  the  electric  cati<sule,  A  sphei-e  of  glass  tilled  wnth 
mercury  is  so  arranged  as  to  empty  itself  tlirough  a  little  hole 
at  the  same  lime  that  a  cuiTent  of  electricity  traverses  the 
mercurial  cascade,  which  it  fills  with  mairelims  effects  of 
light.  Edison  conceived  the  idea  of  placing  in  the  gloss 
sphere  a  rfxl  of  carbon  for  the  current  Uy  pass  through.  This 
rod  became  incandescent  without  burnmg,  because  it  wa.s  not 
surrounded  by  atr,  but  with  mercury,  or  at  least  a  mercurial 
atmosphere.  The  incandescence  appeare<I  much  more  vivid 
than  in  air. 
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It  waft  alm>  under  analogous  condition-s  that  the  fimt  ex- 
periinenLerH  with  (he  eleotrir  light  by  inwaiiilesceuct*,  in  1845, 
had  Worked :  we  refer  to  King  and  Starr.  But  they  produced 
their  vacuums  by  means  of  a  common  air-pump,  which  re- 
moved the  air  very  imperfertly.  so  that  the  vacuum  left  by  a 
removal  of  mercuiy  (barometric  or  Torricellian  vacuum,  as  it 
is  usually  called)  is  far  more  complete.* 

Kdistm  would  then  have  at  once  experimented  with  carbon 
il  he  had  not  been  stopped  by  the  diflficulty  of  obtaining  fila- 
ment** of  carbon  as  fine  as  those  of  platinum,  flexible  enough 
tu  permit  of  bending-  without  breaking,  and  al  the  same  lime 
firm  enough  to  keep  the  form  which  might  be  given  them.f 
Nevertheless,  one  day,  when  lighting  his  cigar  with  a  rolled 
pa ]»er- lighter,  he  noticed  that  this  allumette,  once  extin- 
guished and  freed  of  il-s  ashes,  left  in  his  band  a  thin  spiral, 
fragile  without  doubt,  but  which  lasted  for  some  lime.  This 
spiral,  in  brief,  was  composed  of  vegetable  carl)on.  A  means 
had  now  to  \w.  found  to  consolidate  it^  for,  as  it  was,  it  could 
not  carry  the  smallest  current,  and,  above  all,  it  was  necessary, 
according  to  the  method  of  complete  ennmeration.  to  examine 
the  propt.trties  and  applicivbility  of  all  the  forms  of  carbon  in 
nature. 

The  work  began  with  a  mixture  of  graphite  and  pitch, 
made  in  the  form  of  a  |)encil,  and  carbonized  with  exclusion 
of  air  in  a  pistol-barrel.  But  this  did  not  work  well.  Edimon 
returned  again  to  paper.  He  ex[xiriniented  successively  with 
all  kinds  ol  paper  used  in  all  countries,  even  with  special 
papers  which  he  had  made  expressly  for  hiniBelf;  for  ex- 
ample, with  one  mnde  fmm  a  silky  cotton,  very  high-priced, 
which  he  gnthered  in  certain  islands  near  Charleston. 

(One  of  the  earliest  forms  of  the  carbon  lamp  was  that 
shown  in  Fig.  !*B.  in  which  the  carbon  filament  was  given  a 
spinil  form,  and  joined  to  the  heading  wires  by  means  of  pLas* 
tin  carbon.] 


*  [Starr  used  a  Turriueltiun  viicautii.  bnt  tlib  was  far  from  being  pcrfet!!  enough 
to  provcnt  tito  •^baIc  of  tbo  cnrbon.] 

t  [Mr.  £dwon'i4  fir"l  eiptiriinwntu  with  rjirbon  were  mndw  with  tlio  imporfoct 
TOOQum  uf  a  mechanical  air-pump.  He,  thereroro,  did  Dot  thiak  thnt  carbon 
could  bu  uiude  to  sUiad ;  but,  uftvr  thidiu^  platinunt  uosalufactur/,  he  rutumod 
to  cftrbon,  using  iho  vnciiDin  obtninnblf;  witli  the  inerciirj'  alr-piimp.  Ho  ex- 
p(;rii'nci>cl  uo  diflicult;  iu  olilaining  carbon  in  n  Qexililo  cuitdition,  tut  una  of  tbfi 
tuirliiwt  fontia  hmh)  wm  thatubtaiovd  bj  owlwiuziiiK  a  cwttou  IhrutuL) 
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This  la«t  paper  gave  a  caxbon  almotit  absolutoly  free  from 
nsh — that  js  tn  siiy,  of  a  homogeneity  whirh  swmt^I  almost 
perfeirt— an  tndis|>onBabIe  condition  for  the  regular  How  of 
the  ntiiTent,  and  consequent* 
ly  for  the  sUyuIiness  of  the 
iight.  Keverth«l*?as,  the  cur- 
rent did  not  circtilale  with 
Bufllclnnt  ii'jculiirity  in  the 
fihiment  nf  carlHinizt^d  jmper, 
and  the  <iitiH(!  of  thiit  vrm 
next  di'termined. 

In  brief,  pajHT  wmsists  of 
cotton  fibers,  pressed  in  dis- 
order, one  on  top  of  the  oth- 
er, 8o  as  to  form  a  sort,  of 
felting.  In  this  felting  the 
current  finds  no  eontinuous 
iibers  which  it  ean  follow; 
it  tinds  fibers  placed  across 
its  track,  and  has  to  jump 
from  fiber  to  fiber,  like  a 
man  crossing  a  brook  on 
stepping-stones. 

Now,  each  of  these  leaps 
constitutes  a  very  small  vol- 
taic arc,  which,  quite  invisi- 
ble to  our  eyes,  none  the 
less  changes  the  nattire  of 
the  current,  which  ceases  to 
be  a  continuous  one.  More- 
over, these  small  inl-erior 
sparks  de.stroy  the  paper. 

The  discovery  was  impor- 
tant: it  led  him  to  discard 
all  artificial  products — for, 
necessarily,  it  would  pre- 
sent this  Irregular  felting, 
the  cause  of  all  the  trtjnble 
— only  natural  fibers,  pro- 
duced by  an  exceedingly  alow  work  of  natural  growth,  cxudd 
present  the  perfect  homogeneity  necessary  for  the  regular 
passage  of  the  ciuxent.     Decidedly,  tl»e  works  of  nature  were 


Pio.  0B. — BdiMti  lamp  with  RrtxtAl-booM  tmr- 
boa,  aocDrdlag  lo  hi*  Fr«Dob  pMcol  ol  Hmj 
SB,ieT9. 

This  luaji  coonitti  of  h  RlaM  iH^bo  A, 
in  whidi  a  vaouum  ii  (Tuatod. 

ThU  g\at»  ii  Bnp[x}itMl  by  a  woodui 
Ibol  B,  [iriiTidetl  wUb  bindln|t-«;niini  D, 
]),  Lo  rvwrt'  thn  sloctrin  wires  whidi  \mi» 
into  tW  interior  of  thR|flob«tbn>UKh  bcoii- 
i(w)  piiKie  (if  iiJuulatiDK  luuloritil  F.  E,  and 
leniiiuolai  In  two  [<latl[Loin  pliitc*  U,  0^ 
IwbUxJ  intu  igun  v\tfh.l  U>rui». 

Thm  «xtniiiuticM  ol'  tiiatt  pluLiDum  pl>lM 
are  fiuteBcd  to  the  two  vmi^  of  tlw  enbon 
hDnwaboQ. 


botanist,  luimed  S^grjulor, 
went  through  flu-  sonth 
of  Ihe  LIniled  Slal^s,  thea 
went  to  Havana,  where  be 
died,  of  yellow  fever,  when 
on  the  point  of  embark- 
ing, after  havinp;  a  short 
time  before  escaped  mercn- 
rial  iw)isfming  in  the  MenJo 
Park  laboratory.  A  fonrtb, 
named  Brennan,  who  had 
aJready  accompanied  Luiub 
Agassiz,  some  years  before, 
in  his  great  scientific  voy- 
age to  Brazil,  went  there 
again  to  collect  plants  of 
all  kinds,  and  he  fortunate- 
ly fared  verj'  well. 

Soon  a  great  variety  of 
woods  and  plants  began  to 
accumulare  in  Menlo  Park. 
Only  three  plants  withstood 
the  teatM.  and  of  these  bam- 
boo wa«  clHKien  as  the  most 
jierfect.  But  there  are  many 
varieties  of  bamboo  to  be 
chosen  from,  and  nothing 
must  be  left  to  chance.    A 
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reliable  a^nt,  Mr.  Moore,  was  sent  to  China  to  nsit  all  the 
workshops  where  bamlx>o  products  were  produced — all  the 
pluntatiumt,  all  the  localities  where  the  plant  may  have  Muf- 
fei-ed  a  moditicalion  ;  he  even  thought  of  tr.ving  old  piwreK  oi 
bamboo  that  rarae  fmm  strm^tuii?a  seveiul  hundred  years  old. 
The  variety  which  pnned  sujwrior  to  all  (he  others  wius  a 
species  of  Japanese  bamboo,  whicli,  moreover,  was  found  in 
considerable  (luautity,  so  tliat  there  wjis  no  danger  of  its  sup- 
]>ly  running  short,  even  when  the  new  lamps  would  have 
everywhere  reijla<:ed  the  old  melihodc*  of  illuiuiiiation. 

The  qualities  which  had  most  to  do  in  detenuiniiig  this 
choice  weiv  the  regularity  of  the  libers,  and,  above  all,  the 
facility  of  diviMi<in.    The  thi-eads.  in  short,  shotdd  only  be  one 
fifth  of  a  millimeti'e  in  thickness.     At  first  they 
were  made  round;  now  I  hey  are  flattened,  and 
sHll  thinner,  for  their  thickness  does  not  exceed 
two  tenths  of  a  millimetre,  and  their  ividth  three 
and  a  half  tenths  (Fig.  100). 

This  work  of  dividing  the  filaments  is  now 
done  mechanically,  with  perfect  ivpidarity,  mar- 
velous promptitmle,  and  remarkable  economy, 
qim-lities  most  of  all  to  be  valued  in  a  good  man- 
ufactuiing  process. 

Instead  of  the  sjmal  form  of  ihe  foi-mer  plat- 
inum wires,  to-day  the  carbon  threads  have  the 
shape  of  a  more  or  less  prolonged  horseshoe, 
because  the  bamlmo  carbon  does  not  submit  to 
as  tortuous  shapes  as  platinum  wire  can  a^isume. 

Finally,  the  most  troublesome  part  of  the 
fabrication  of  lamps  is  the  extraction  of  the  air, 
by  a  mere ury -pump.  Existing  foi-ms  of  pumps  were  first 
employed,  such  as  Sprengel's  and  (-reisler's.  But  the  mor- 
cury  had  to  be  i>fiured  by  hand,  a  difficult  and  dnngen)us 
opt^ratifin,  wlncli  almost  pcusoned  Alison  and  his  jirincipal 
CO  I  In  bora  tors,  notably  Messrs.  Bnt<*hplor  and  Moses,  who 
aCferwarii  r('|)rc.scntc<I  Inm  in  Paris,. and  poor  Sfignuior,  who 
die<l  rn>ni  nn()tlier  cause,  in  Havana. 

[Tlie  (teisler  jiumj)  consists  of  a  glass  bull>  of  cimsidend)l« 
size  an  (he  upper  end  of  a  vertii'al  gla-w  tulte  of  large  bore 
(fixun  three  to  five  eighths  inch  in  diameter'*.  To  the  lower  end 
of  this  lubeareservoirof  mercury  (usually  a  glaas  bulb  holding 
&om  thirty  to  forty  pounds)  ia  connected  by  a  flexible  rubber 
12 
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aud  its  air  djs])la«4:'d.  Leading  from  the  top  of  this  bulb  is  a 
tube  to  wMch  the  lamps  to  be  exhaiisdsd  are  attached.  By 
mefins  of  a  two-way  cook.  commiiTiirution  with  the  lamps  cjin 
be  shut  off  while  the  air  is  bcKing  driven  nut  of  tin;  l)u!b,  and 
opened  when  the  merniry  riicedes  into  the  reservoir.  To  ob- 
tain a  hj^h  vjuMiuin  witli  iliis  jmmp  the  nieiriiry  hits  to  Iw 
lifted  a  great  number  of  times,  so  thai  its  operation  by  liand 


romdBtur  of  iiiloiuitjr. 
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is  very  tires(jmff.  When  it  is  used  in  the  munufacture  «if  in- 
caudcHcent  lamps  il  is  oi)eRited  by  pijwer.  The  neck  of  the 
reservoir  is  usually  closed  by  a  luft  of  cotfoD,  so  that  there 
are  no  mercurial  fumes  fnjm  I  he  pumx>. 

Tlie  Sprengel  i)ump.  in  its  simplest  form,  conslsta  of  a  fine- 
bore  baromeler-tube,  thnnigh  which  a  streaiu  of  niercmy  con- 
stantly falls  from  a  reservoir  placed  above.  This  tube  is 
somewhat  enlarged  at  it^  upper  end,  ^m  which  extends  a 
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tube  leudin;;  to  thr  lumpH  to  be  cxhatiatecl.  Tlie  meirury  Ih 
diarliarged  inU)  the  baronie(er-!ul»e  fmni  a  tine  spout  entering 
this  enlai^ed  portion.    This  falling  stream  draws  the  air  mth 

it  and  discharges  it  l>elow  Into  a 
merc»iy-c«p.  into  which  the  fall- 
tulw,  as  it  is  t-all^l,  dips.  The 
action  of  this  pump  is  vei-y  slow, 
but  the  best  vacuum  ean  be  ob- 
tained witli  it.  The  mercury  has 
to  be  from  time  to  time  removed 
fr<jm  the  lower  receptacle  and 
poured  back  into  the  reservoir, 
an  operation  that  subjects  the 
attendant  to  hurtful  mercurial 
fume-s.  When  this  pump  is  used 
in  manafacturing,  the  mercury  is 
raised  by  power,  the  operation 
being  a.  continuous  one.  It  is 
ItiHh  free  fn>m  vapors,  as  the 
mercury  moves  in  a  closed  chan- 
nel. A  combination  of  these  two 
pumps  is  ti-etpieutly  employed.] 
To-duy  tlie  pumps,  like  the 
rest  of  the  a]>]iaratus,  ai-e  sim- 
plitied.  but  after  a  bundled  dif- 
ferent, tiials.  There  are  now  five 
himdj-ed  at  Menlo  Park,  which 
work  automatically,  without  mer- 
curi:il  emanulious,  without  dan- 
gerous or  disagreeable  manipu- 
lation, without  revealing  Ihfir 
]iresence  othenvise  than  by  a  pe- 
culiar nttlse  resembling  a  jjerpet- 
ual  Imil-storm.  The  pt*rfiH;tion 
cif  the  vacuum  is,  too,  one  of  the 
principal  qualities  of  the  appa- 
ratus, for  a  thread  of  carl>ou 
which  would  give  an  intensity 
of  ten  candles  in  the  vacuum  of 
an  ordinary  air-pump  would  give 
sixteen  candles  iit  the  vacuum  of 
a  mercmy-pumi). 
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¥".  TSk  Lakph  AcrrALLT  Employkd. 

TW  *»■*■»'■  form  of  (he  lamp  bas  Imvh  sevt^nii  limall 

It  r»f  tbf"  several  changes  in  shape  of  the 

lOL    To-<lay  it  resembles  s  modente^sued 

M  Ae  iiie  of  the  fist  uf  a  child  of  six  or  ei^t  jeus 

]M,1Q8;  108,  aod  UHk     They  ar**.  more^wer.  of  two 

differ  not  only  ia  their  exterior  size,  hut 

of  the  cartxiD  horeehoe-thread,  which  is 

long  in  the  larger — those  called 

whole    lamiK*  — and    is 

only  about  half  ah  long 

in  the  lialf  lara^i^. 

The  Ituuiaonsintena.- 
ty  naturally  raries  with 
thf  intensiry  of  the  elec- 
tric tiirrent  which  pass- 
es through  the  lamps. 
In  rikmI  cxindition  it 
reachifs  sixteen  I'aDillt^ 
— that  is  to  say,  about 
two  cairels  ft>r  the  latt- 
er lamps,  and  half  that 
for  the  smaller  lampst. 
Nothing  prevents  their 
l>eiiij;  made  as  fet4»le 
a»  wanted  :  all  that  is 
necessary  is  to  shorten 
the  horst^ahoe,  which 
ifca  iiM|  lift  iiLuLi.  amounts    to    diminish- 

ing the  extent  of  the 
loBiiDoan  Kiirfanei.  If  neresHary,  the  lamp  can 
lo  the  prrijtortions  of  a  ta{ter. 
«■;  «m  <fae  otticr  hand,  can  be  inrresAed^  by  the  in- 
«#  1  >ual  pBimlk^  or  crossed  filaments  i.f  carbon 
(F%,  lOV)  iatf/ttd  'ff  a  idngle  one.  thus  creating  lights  cajioble, 
fMraifHt  of  rii'Hliuf  the  roltuir  nrr. 

Ifc*  arilyaii  lamjrtof  liT}-  varying  intensity  be  thnsmade. 
bataJNfa,  Vjr  s»axi#  irf  x  jNuiinihir  constnirrion,  the  intensity 
«tf  asf  ilw  laaii*  «aui  tM!  made  tn  vary  nt  will  rlirMtigh  a  con- 
MMM-  K4iaaa«ABCt«  this  by  placing  under  the  lamp 
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It  18  a  cylindricjJ  rheostiil^  roiitaining  five  rods  of  (lariioi 
(PigB.  lOfl  and  100),  whirh  can  ut  will  bp  mteriwswl  In  the] 
lamp  circnit  by  rotating  the  foot  which  suppoits  them. 
These  carboQ-rod«,  of  raiying  size,  produce  a  resistance  which 
diminishes  more  or  less  the  intensity  of  the  current  passing 
through  the  lamp.  The  result  thus  obtained  can  be  compared 
with  that  pr^idnced  in  an  oil-lamp  by  turning  the  wick  up  or 
down.  fl 

The  lamp,  successively  improved  in  all  its  parts,  is  t«-day" 
more  substantial  than  would  have  been  deemed  possible. 
Some  are  in  existence  that  have  furnished  light  for  seven 
or  eight  hundred  hours  or  more.  For  the  rest,  the  loss  of  a 
lamp  Ls  an  accident  of  little  more  moment  than  the  break* 
age  of  the  chimney  uf  an  oil-lamp,  for  the  Edison 
lamp  costs  only  twice  the  price  of  the  fi-agile  glasses 
^vbich  to-day  bi-eak  bo  often  in  our  houses.  They 
are  sold  In  New  York  for  thirty-five  cents  *  (or  one 
frunc  seveuty-fivt?  centimes),  and  it  seems  that  they 
can  be  produced  at  one  franc  twenty-five  centimes, 
on  account  of  economics  iutroduced  in  their  manu- 
facture. But  it  must  be  understood  that  this  price 
do<«  not  include  the  patentee's  license,  which  must  Iw 
pud  iu  addition,  if  the  light  be  privately  pn>duced.  fl 


Vm.  1 10.— Jr>lnt«d  hrackct  for  Edl-nn  lamp.  The  inlnU  arc  un- 
■tnn.'tcd  HI  ■■  In  iimltitain  tJio  iiirouU  oiomd  in  nil  pnamblo 
[Kwiitani  «f  the  bnufceL 

The  principal  accident  which  can  happen  to  the  Incandes-fl 
cent  himp  during  manufacture  is  the  breakage  of  the  glass. 
After  having  blown  it  by  the  usual  processes,  it  is  reheated 
so  as  to  anneal  it,  which  makes  it  strong,  [l^e  work  of 
sealing  the  filament  int<i  Ihp  globe  is  done  before  the  l)low- 
plpe.  The  pear-shaped  euvi>Io|K***  are  made  in  quantity  at  a 
fectory,  and  are  fi^uently  blown  in  a  mold.    Tlie  glass- 

*  (Tlie  Eilieuii  lumps  itro  lurniHlmJ  tu  ooaHiicners  withuut  cbargv.     To  par-  ' 
ohaBere  of  eiUier  the  \tmps,  or  of  •  4somp)et«  isolated  jylaut,  tbey  are  sold  at  a 
doDftreaoh.] 
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blower  takes  one  of  these  and  attaches  to  its  top  a  small 
^lass  tube,  which  serves  to  ronnecr  the  lamp  to  the  pump 
for  exliaiistiun.  The  glass  stem  forming  the  base  of  the 
lamp,  with  the  platluum  leading  wu-es  sealed  into  it,  and  tha 
tilament  mounted  ii\n)Ti  them,  Ls  then  introduced  intu  the 
nei'k  of  the  globe  and  uiut<?d  to  it  by  fusion.  AVith  German 
glass  it  is  U8uall}'  necessary  to  blacken  the  exterior  of  the 


Vm.  111.— KdiMo  Uir, 
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globe  after  Healing,  t«  prevent  rrai'king  by  too  rapid  cooling. 
This  is  Qsiially  not  ncreHsary  with  American  glawt,  that  com- 
monly used  in  this  pounlry  fortius  work.  After  exhanstion 
the  lamj)  ia  removwi  fnmi  ihe  pump  by  fusing  the  glass  at- 
tnrliment-tnbe.  leaving  the  amall  nipple  uhown  in  the  figures.] 
The  thread  of  carbtm  also  l)er*)mes  h:ird,  on  aronont  of  l>e1ng 
subjected  to  the  passage  of  the  current  during  the  exhaustion 
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of  the  air,  which  aotiun  prodiicea  on  it  the  same  effect  as  on 
platiiinm. 

Another  accident,  equally  to  be  feared,  is  the  rupture  of 
the  carbon-tliread  at  its  points  of  attachment.  To  avoid  it  as 
far  as  possible,  particular  precauti<)ns  are  followed  in  the 
mode  of  attachment  of  the  thread. 

The  two  ends  of  the  horseshoe- filament  are  enlarged  a 
little,  and  are  held  in  little  plntiiium  pincer-s,*  which  form  the 
ends  of  the  platinum  wires,  serving  as  part  of  the  cii-cuit  of 
the  electric  current  parsing  through  the  carbon  horseshoe. 
The  whole  is  united  by  a  plating  of  copper,  t 

The  platinum  wires  are  naturally  much  larger  than  the 
carbon-thread,  so  they  are  not  heated  to  redness.  But  they 
do  heat,  nevertheless,  and  consequently  expand  when  the 
lamp  is  working.  When  it  is  extingaished,  they  i-etum  to 
their  natural  size,  growing  smaller  as  they  cool.  Now,  these 
platinum  wires  traverse  the  mass  of  plaster  wliich  closes  the 
lamp  at  ita  bottom.  Their  .suctossive  dilatations  aiul  contrac- 
tions are  liable  to  cause  the  formation,  around  them  and 
through  thiH  mass,  of  a  little  tubular  |)!us«ige,  through  which 
the  atmospheric  air  will  liually  insinuate  itself  little  by  little 
into  the  interior  of  the  lamp,  and  dcstniy  the  vacuum.  Some 
special  process  of  sealing  ha.s  to  Iw  dmisf^l  ti>m<H?tthisdangi^r.i 

This,  then,  is  the  actual  Kdistm  lamp,  the  latest  form  of 
which  is  shown  in  Fig.  UY7.  It  ends  belnw  in  a  screw- threiul, 
by  which  it  can  be  fjistened  on  any  kind  of  a  foot,  chundelier, 
candelabrum,  bnicket,  etc.,  and  it  is  enough  to  turn  a  key 
plw^ed  in  the  I'andelubntm  to  start  it  into  acti<m  or  to  stop  it. 
The  maaamvre  resembles  exa<5tly  that  of  the  operation  of  tt 
gas-cuuk. 


: 


*  [Tbeae  aro  no  longvr  utiod,  tho  f«r1>on  filtuni'nt  Iwing  attac]i«4l  illrwtly  to 
copper  wire,  flattened  himI  bent  nn  m  to  fonn  ai  sort  of  clAnip.) 

t  (To  render  thi<i  joint  no  endurinK  une,  the  Morfac^  of  oontnot  betweeo  tlie 
oarbou  uud  IIil>  plaiiuum  m\wt  bv  cuol.  This  is  cfTfoUicI  hy  iuoreanug  the  itmount 
of  carbon  at  tliift  point,  vfthei*  by  enlarging  tim  c-nd»  of  tlio  fllamcnt,  moaldini; 
ftbODt  it  a  plastic  carbon,  or  forming  a  carbon  deposit  front  a  carhonitceoua  gu 
or  liquid.] 

t  [In  tb«  EdiftOD,  a»  in  al)  tbc  utla-r  niodom  ini'&ndvftcfot  [a)iip«.  the  loodiop 
wirw  are  sealed  into  the  glaw  envitlope  by  fusion  ut'  tlie  g\ai»  around  tbu  wiree. 
Ko  other  mode  of  scaling  has  ttccn  found  to  iin*Wi'r,  oa  tht.*  in-lcakage  of  a  very 
tmall  ijuitfitilv  iif  iiir  wunld  hv  xiiffiri^nt  to  ^l^■■•Iroy  tlie  carboii-rdament.  The 
plaster  at  the  base  uf  tlic  lamp  is  uiorely  tor  tbe  purpose  of  aitachtni;  tho  Rlaas 
to  tlic  thrutulcd  luutol  cap,  by  wbiuh  It  i»  held  in  an  L-lvctrolior  or  bracket.] 
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a  little  light  is  lost.  [The  lamp  has  also  been  adapted  to  use 
in  dangerous  mines.  The  constraction  for  this  purpose  is 
shown  in  Fig.  113.  The  cireuit  is  made  and  bmkem  under 
mercury  /r,  a,  contained  in  the  glass  tubes  0,  I>,  secured  to 
the  block  B.  The  mercmy  is  covered  with  a  layer  of  water 
b,  h,  an<l  the  wliole  apparatus  ]»lHced  in  the  glii.ss  jar  A.] 

Mr.  Edison's  system  of  llglitin^  is  romploteti  by  special 
dynamo-electrir  maclunps,  r»f  which  we  shall  Hp«ak  later,  in 
the  fourth  book,  and  by  an  (!h'ctrical  distribution,  whirh  will 
be  explainc<l  in  the  tifrh  bitok.  This  distribution  lias  been 
long  experimented  with  at  Menlo  Park,  in  the  village  where 
the  inrenti>r  resides,  and  he  Ls  about  eatjiblishiiif;  it  in  Nt'w 
York,  in  the  first  district  of  the  city.  [This  station  was  put 
in  opemtion  in  SeptemlMjr,  1882.] 


CHAPTER  V. 

THE  SWAX,  MAXm  A.VD  LAXE-FOX  LaMPS. 

The  Edison  lamp  is  not  the  only  one  nsing  a  carbon-fila- 
ment la  a  vacuum.  It  has  sisters  resembling  it  gi-eally,  and 
fomis  with  them  a  distinctly  characterized  family.  It  is  far 
from  i-ash  to  suppose  that  this  family  will  increase  by  the 
addition  of  new  members  in  a  time  more  or  less  remote.  At 
the  present  moment  there  are  at  least  three  other  lamps  which 
ought  to  attract  (jur  attention  by  their  ingenious  arraugement 
of  parts,  and  the  extensive  use  which  they  have  attained  out- 
side of  France.  The-se  are  the  Swan.  Laue-Fox,  and  Maxim 
lamiMj — the  first  two  English  in  origin  ;  the  last,  like  that  of 
Edison,  American  in  origin. 


I.  Thb  Swan  Lamp. 

While  giving  ahovo  the  history  oi  inoandesRencp,  we  indi- 
cated th«  rock  upon  which  t\\v  first  lamjxs  wnth  carbon-pen- 
cils, invented  by  the  Russian  s;ivants,  between  187B  and  1876, 
strandetl.  The  rjirbon -strip,  which  had  to  bo  cut  verj'  thin 
to  "strangle"'  \\w  current,  grew  thin  toward  its  middle,  by 
the  action  of  the  current,  and  B(K>n  ended  by  breaking.  The 
inventors  directed  all  their  efforts  toward  the  discovery  of 
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an  unbrenkublo  pencil,  nnd  it  wor  in  the.  midst  o(  these  ex- 
periments and  laboriouH  reHearahes  that  tlLe  open-ail'  incan- 
descent lamp  was  invented  in  Krancy%  by  },{.  Rnyunr. 

Among  those  who  stiKlieti  the  winie  pnililem  in  Knglund 
was  a  raerebaiit  of  Newcastle,  known  ali-early  by  several  raeri- 
toriniis  works  nn  <'hemiBlry,  Mr.  Smm.  He  had  already  tried, 
fifteen  years  befi»re,  to  construct  an  incandescent  lamp  with  a 
small  spiral  of  cartionized  paper,  whiub  lie  placed  between  the 
two  blocks  of  carbon,  in  the  interior  of  a  glass  tube,  where  he 
had  created  a  vaciinm  by  pumping  uut  the  air,  using  the 
crude  means  then  at  the  experimenter's  disjiosal.  The  carbon 
grew  red,  but  did  not  ri'ach  the  elevate<l  tempenitnre  of  white 
heat,  which  alone  can  convert  it  into  a  true  source  f>f  light ; 
but  it  none  the  less  was  disintogrjifed,  casting  upon  the  walls 
of  the  glass  tube  earlxuiaceous  partirles  which  soon  cKscured 
them. 

The  principal  cause  of  this  want  of  suc(^es!i  was  the  irai>er- 
fect  vacuum  obtained.  Bnt.  in  IB77,  the  wonderfnl  experi- 
ments of  Mr.  Crookes  tijion  light  in  a  vacuum  showed  that 
much  more  efficacious  action  conld  be  obtained  with  a  Spren- 
gel  niercury-piimp.  Sfr.  Swan  took  up  his  studies  anew,  in 
collaboration  with  Mr.  St<?aras,  of  Birkenhead,  almost  at  the 
flame  time  that  Mr.  Edison  attacked  the  same  problem  in 
America  with  that  energy  which  the  Yankees  bring  into  all 
their  work. 

Thanks  to  the  Sprengel  pump,  the  vacuum  was  more  per- 
fect, and  the  lami>  did  better,  without  working  perfectly  by 
Rmy  means,  because  the  carbon  soon  became  disintegratetl. 

We  have  seen  that  this  was  due  to  the  fact  that  carbon, 
like  most  other  bodies,  and  even  more  than  others,  occluded 
.in  its  pores  a  considerable  quantity  of  air  and  of  other  gases, 
fhich  the  disturbance  produced  by  the  current  slowly  set  at 
liberty.  A  double  inconvenience  n*sull«d  from  this  :  the  more 
perfect  the  vacuum  thiit  was  obtained,  the  moit>  the  cohesion 
of  the  earlMin  was  injured  by  these  internal  gaseous  ebulHtiotia. 

The  remedy  »vas  jierfectly  deiir :  it  was  to  bring  (he  carbon 
to  Incandescence  while  the  vacuum  was  being  pi-od  uced.  and 
to  repeat  the  operation  several  times,  to  completely  free  it  of 
all  lis  gaseous  guests.  The  filaments  of  carbon  subjected  to 
this  prolonged  treatment  becanie  greatly  modilied  ;  they  grew 
very  much  haitler,  and  acquired  an  elasticity  that  they  wonld 
hardly  have  been  deemed  capable  of. 
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An  analogous  fiict  hud  nlreudy  Imnn  pniveil  by  Mr.  I'Miscm 
in  the  Vium  vt  [ilatimim.  It  may  hf  suppoKt^d  that  hw  Hxperi- 
mcnts,  already  known  Ut  the  world,  had  shown  Mr.  Swan  Ihe 
rood  to  bo  followed  in  his  utudieH  of  <?arbon. 

It  wa-s  only  at  the  end  of  the  year  IftSO  that  Mr.  Swan  auc- 
oeeded  in  ^ivinj;  hia  carbou-thread  the  sulidiiy  tliat  cluira<!!ler- 
iaos  it  tfj-day,  and  <m  October  20th  he  presented  his  lamp  t« 
the  PhlIoHoi)hi4i  and  Liierary  Society  of  Newcuiitle.  Tlie  ear- 
bonfihiineut  is  now  inaxle  uiit  of  eottou  thread,  which  is  beut 
into  a.  horseshuH-ahape  with  anpiiul  turn  in  its  middle.  These 
cott<)n  tresses  are  subjected  to  numerous  oper- 
atioQs  before  being  used  in  the  hunjis. 

They  are  first  plunged  into  sulphuric  acid, 
diluted  with  one  third  x>art  of  water,  which 
makes  them  hard  like  iiarchment ;  they  are 
then  placed  in  charcoal-dust,  which  is  heated 
to  orange  heal.  Leaving  this,  tliey  are  placed 
in  the  lamj) — a  simple  bulb  of  transparent 
gla&s  of  eight  centimetres  in  diameter — and 
a  vacuum  is  produced  in  this  lamp  with  a 
Sprengel  meroury-pnmp,  while  the  dcetiic  cur- 
rent is  kept  passing  through  the  filaments  of 
carbonized  cotton  for  a  full  half-hour.  Final- 
ly, the  lamp,  which  has  a  stem  .six  centimetres 
long,  tnivorsed  by  the  two  platinum  wires  that 
carry  the  cuTrent  to  the  cai'bon-filaments,  is 
sealer]  (Fig.  114). 

Nothing  further  is  necessary  but  to  force 
the  ettom  of  the  lamp  into  a  candlestick,  as  is 
done  with  a  candle,  when  it  will  at  unce  be 
ready  for  action.  This  amdlestick  receivpH  tlie  ele<!tri<;  cur- 
rent by  wires,  which  do  nor,  however,  prevent  it  from  being 
moved,  within  a  certain  radina,  with  much  more  facility  than 
a  gas-larap  with  its  caoutchouc  tube  {Pig.  116). 

Instead  of  being  held  by  a  candles  lick,  incandescent  Inmps 
can  be  placed  in  candelabra,  lusters,  brackets,  or  in  ordinaiy 
lamps  in  place  of  an  oil-burner.  They  all  have  more  than 
double  the  intensity  of  an  ordinary  Cancel  lamp,  and  it  is 
easy  to  havo  them  wejiker  if  it  be  desired.  For  this  the 
length  of  the  incandescent  filament  must  be  diminished,  or 
the  intensity  of  the  run-ent  reduced  ;  but  this  second  means 
is  not  so  easy,  while  with  the  first  thejpe  is  no  difficulty  in 


7ra.  114.— Swan 
bioaod«M»tLt  iHinp, 


I  JH  reduced  i 
uj;  is  ehistic.  and  of  ex- 
The  out-er  ends  of  the 
j)latiiium  leading  wires,  a,  o'j. 
art;  lient  ao  us  to  foim  eyes 
into  which  hook  the  ends  of 
the  circuit  wires,  A,  d',  A 
stout  Rpind  spiinp.  K,  insures 
a  i)erfe<'t  contiict  Ix-Iween 
them  while  allowing  consid- 
(^mlile  fri^ndoni  of  rnnvement.] 
This  systnni,  it  will  Iw 
Ri^en,  also  fiiriiislK'.s  u  rom- 
plete  solulion  of  tlic  pnililmn 
i)F  <h>nie.sti('  liglilinKi  and  can 
Ki]p]>l:int  guii  or  oil  in  ulinoHt 
all  their  ucciistonied  plat-t'S, 
provided  always  that  therw 
be  established  in  the  streets  a  distributing  system  of  elee* 
tricity  similar  to  (hat  used  at  the  present  day  for  gas. 


Via.  119.— ^tmn  Innip  ia  aooket. 

Mr.  Swan  has  not  touched  upon  this  question  ;  hen-in  his 
system  is  less  complete  than  that  of  Mr.  Kdisoo,  who  has 
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provided  for  everything.    Mr.  Swan  has  uot  ye»  had  time 
design  dynamo-electric  machines  sjxjcially  adapted  to  «uppli 
Ms  lamps.    He  bos  no  preference  for  uny  purticular  form 
generator. 

Nevertheless,  the  lamp  of  Mr.  Swim  is  now  used  in  Eng-" 
land  in  a  great  many  places.     In  Ki-wrastle,  the  home  of  lh(L 
inventor  (Fig.   110),    it  lights  fievenil  stni'ts.     Mr.  WIllianH 
Spottiswoode,  President  of  the  Knyal  StK-iety  nf  [xmdtnu  lias 

phineci  it,  along  with  .labUich- 
koff  randies,  ji)  his  laixere.si- 
denreof  (JcMinibw-Hank;  and 
the  great  met^l  worker,  Sir 
William  A]-nistn)Ug.  ha.s  also 
established  il  in  hi«  house. 

One  of  the  ruilnud  com- 
panies of  England  emjdoyn  it 
to  lighl  itM  eaix  to  the  gn'ut 
satiafjuition  of  travelers,  who 
can  reatl  with  j^leaeure.  It 
has  also  been  Mucressfully 
tried  in  mines,  with  a  special 
model  aurroundeil  with  wa- 
ter, anil  thweforc^  inrnpable 
of  igniting  the  tire-dam}>, 
even  in  catus  of  breiikage  of 
the  Jippanitus  (Fig.  120).  Fi- 
nally, it  lias  bi!pn  u.sed  in 
snlmiarine  o|)erat!on.s  with 
sounding  api»ariitiis. 

We  <'ite  these  different  ex- 
amples as  proof  of  the  many 
applii-ations  already  in  use. 
Fw.  la-i.-s^Muimiuintc-igmp.  Many  others  can  be  added, 

because,  at  the  present  time, 
the  Swan  lamp  is  the  most  used  of  all  incmdescent  lamps  in 
actual  praetiite — that  is  to  say,  in  paying  oi>eration. 

The  thi'ead  of  incundesc^ent  oarlwn  is  a  little  thicker  in  the 
Swan  lamps  than  in  Edison's,  and  consequently  their  lumi- 
nous power  is  a  little  greater  when  they  receive  a  current  of 
sufficient  intensity  ;  but  il  is  well  understood  that  they  need 
more  of  it  to  attain  the  same  degree  of  luminosity,  that  of 
whito  heat.    The  inventor  hoped  to  guarantee  an  ill uniiuu ting 
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power  of  twenty  English  candles,  which  is  more  than  two 
Caiiel  lamps,  and  he  afiiriiKS  that  under  these  conditions  one 
horse-power  would  suffice  for  ten  lamps. 


II.  Tir?:  Lane- Fox  Lamp. 

The  lamp  of  Mr.  Lane-Fox  (Fig.  121),  of  English  orijt,'in» 
lilte  that  of  Mr.  Swan,  i-esenibles  it  a  great  deal  in  its  exterior 
form  aud  dimensions.  It  Is  also  foiTnpd  of  a  very  thin  rarlxtn- 
tilameul,  bunt  into  the  shajM^  of  ait  Himgated  horseshoe,  but 
without  a  central  spiral ;  this  thread 
is  in  the  ^■ame  manner  iila<;Hd  in  a  ghisa 
buJl),  where  the  best  vacuum  possible 
is  made.  Nevertheless,  the  lamp  of 
Mr.  Lane-Fox  differs  from  that  of  his 
eom]>iitriot  by  two  prineipal  jsjiuts, 
and  thtjse  quite  importani,  which  we 
shall  examine  in  succession. 

The  tlii-ead  of  carbon,  destined  to 
become  incandescent^  has  neither  the 
same  origin  nor  the  same  nature.  Gen- 
erally it  Ls  a  tilH'r  of  coiirh-gi-jss,  fnv- 
bonized  with  special  precautions.  The 
KirbiiH  becomes  just  as  hard  a.*!  that 
of  Mr.  Swan,  and  is,  in  the  same  way, 
deprived  of  the  air  hidden  in  its  pores, 
thanks  to  the  same  precaution  :  it  is 
kept  incandescent  while  rhe  varuuni 
is  fonning. 

Instead  of  creating  the  vacuum  by 
aid  of  the  Sprenpel  puni]),  Mr.  Ltme- 
Fox  prefera  a  method  unalogous  to 
(hat  which  is  in  list?  ia  Kraiu^e  by  M. 

.Mvergniat,  for  the  miuiufa^rlui-e  of  (Teissier  tubes,  fai  which 
light  pixKiuces  Buch  Iwsiutiful  elTects  in  dilTereut  gases.  This 
methnil  consists,  briefly,  in  obtjuning  the  same  vacuum  as 
exists  aliove  the  menrury  in  a  bawmeler,  in  what  is  called 
the  barometric  chamber.  But  ingeniously  devised  ]irecan- 
tions  lire  taken  Ut  kwp  the  atmosphere  Ci-ee  from  mercury- 
vapor,  which  ordinarily  would  till  Ihis  chaiuber. 

Mr.  Lane-Fox^s  lamp  is  farther  characterized  by  the  man- 
ner in  which  the  thread  of  Incandescent  carbon  is  attached  t^ 


Fw.  181.— Lttno-Fox  inoui- 
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the  metallic  wires  wLich  condact  the  electric  current  to  it. 
Instead  of  being  thickened  as  it  approaches  the  points  of  con- 
tat^I,  like  the  lilumeat  nf  Mr.  Swan,  the  Kbiiiient  of  Mr.  Ii«ne- 
Fox  presoiTes  tho  Hame  iliamefer.  IJiit  the  two  extremities 
are  fastened  in  the  axis  of  two  Hmall  plumbago  cylinders, 
wlien^  they  join  platinum  wires  relatively  large,  which  at 

their  other  ends  are  attached 
to  the  ordinary  copper  cx>n- 
ducting  wire. 

[To  prevent  undue  healing 
of  tlie  lejiding-wires,  these  hit- 
ter are  (iiseti  into  small  pil- 
hira  of  glass,  the  lower  eniis 
of  whirh  are  pxpandttd  into 
smjill  glolie.s  contiiining  mer- 
cury. The  platinum  wires  dip 
into  these,  as  also  the  cop]Hir 
hyuls  whieh  w*rve  to  make 
electriml  e<mnection  with  the 
cinMiit  upon  wliieh  the  !am}> 
is  ]ilai-i'd.  The  men^ury  is  i-e- 
tiuned  in  place  by  a  filling  of 
murine  gliic,  and  over  this  a 
])lug  of  jiiastf^r.  The  dispo- 
sition of  part«  is  shown  in 
l-^g.  122,  in  which  c  c  are  the 
mercury  rtwcr^•oi^s,  and  b  b 
the  glass  pillars  in  which  the 
platinum  leads  arp  sealed. 
The  ^lohc  and  this  stem,  witli 
the  wires  moruitcil  in  it,  are  joined  together  at  the  basr  of  the 
neck  of  the  fonuer  by  fusion,  as  in  the  ease  of  the  two  pre- 
vious iampM.J 

Mr.  Lane-Fox,  like  Mr.  8wan,  has  arninged  no  system  for 
distribution  or  production  of  electricity.  Hut  he  has  invented 
an  a]>panitU8  which  automatical!}'  regtdates  the  intensity  of 
the  current,  and  keeps  it  almost  constant  at  the  vrished-for 
point,  or  at  lea.st  restrains  it.s  variations  within  certain  limits, 
without  the  necessity  of  any  attention. 

This  automatic  regulator  works  under  the  action  of  the 
same  current  that  goes  through  the  lamps,  like  the  regulator 
of  vultaic-arc  Uunps,  and  it  is  mounted  on  a  special  derived 
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circuit ;  ojily,  instead  of  brin^nj^  the  carbon-rods  together,  it 
iuterjioses  la  the  path  of  (he  cuiTent,  at  the  riplit  moment 
and  in  proper  quantity,  fosistance  apparatus,  which  uicreaae 
the  resistance  of  the  circuit,  and  consequently  diminirtb  fh« 
force  of  the  current  which  finally  passes  through  it. 

Thf  lantps  of  the  Ijane-Fox  system  are  less  employed  hero 
(in  trance)  than  the  other  incandescent  lamps,  and  we  kuuw 
of  no  appHcationa  of  them  of  sufficient  importance  to  Iw 
worth  describing.  The  truth  is,  that  no  company  has  tjcen 
organized  to  introduce  them. 


A 


\ 


\ 
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III.  The  Maxim  Lamp. 

[The  lamp  of  Mr.  Hiram  S.  Maxim  has  the  same  general 
features  of  those  above  desrril)*^!.  The  filamentary  con- 
ductors ai-e  stamped  from  paper,  and  have  the  fonn  of 
the  letter  M,  insteiid  of  a  simple  loop.  They  are  carbom»;d 
between  sheets  of  jjaper  in 
iron  molds,  and  are  after- 
ward Huhjprfed  tn  a  treat- 
ment to  render  them  a.s  ho- 
mogeneous OS  possible.  Mr. 
Edison  abandcmed  paper  jw 
a  material  for  his  incandes- 
cent filament>8  because  of 
the  difficiilry  of  geffiaji!  it 
homogeneous.  Mr.  Maxim 
endeavored  toovercome  tliia 
defect  by  iiejitinp  the  fila- 
ments to  incnndesrenee  in 
a  carbonaceous  atmosphere. 
TliR  gas  is  decomposed  by 
the  Iiwit  of  the  lilameut, 
and  the  1  iberat  ed  carlion 
deposited  njHm  it,  lliose 
parl«  which  an*  Ihinriest, 
and  con3iK]uenlly  holtest, 
reci'iving  the  heaviest  de- 
posit. 

Filaments  of  very  uniform  conductivity  can  be  pi-oduced 
!n  tills  manner,  and  iiny  form  of  (^irbon  can  Iw  so  treated.  A 
rarefied  atmosplienM>fga.'«jline-vaiH»r  is  that  usually  employed. 


t'la.  1^8.— Ukxim  inauidcwenl]wn|i. 
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and  the  deposit  is  commonly  made  iu  a  Ht*]>arate  vessel  before 
tlie  tilami-nt  is  monnrcd  for  sealing  in  tlie  Iximl  gIol)e,  though 
it  am  I>e  i-eMclily  effected  while  the  lamps  are  on  the  mer- 

CHry-pump   before  the 

_^.  _  .  final  exhaustion  is  com- 

'^^  "'^ .  pleled.    This  method  of 

equalizing  the  resistance 
of  a  filament  is  also  used 
/'-\  \  by  Ijane-Fox,  and    an 

analogous  one  was  era- 
ployed  by  Sawyer  and 
Mann. 

The  platinum  leading 
wires  are  attached  to  the 
filament  by  a  species  of 
clamp.  The  ends  of  the 
filament  aiv  eularged, 
aw  an^  also  those  of  the 
leading  wires.  The  two 
ari'thetirhiniped  logetb- 
er  by  means  of  u  miiaute 
bolt  prurideil  withanut 
passing  through  eaHi^ 
n  remarkably  exix-nsive 
mode  of  atfiU'hnieiiL 
TIh'  lejiding  wii-es  are 
Hcult'd  into  llie  glam  of 
the  globe,  as  in  the  oth- 
er liinipH  of  this  kind. 
Till*  appeaniTicH  t>f  the 
coni]ilett'  lump  is  sliown 
in  Fig.  12;i,  aud  the  lamp 
.,..„.,      ,      .,__    .     ,. .       mounted  iu  its  socket, 

rio.  liM.— Maxim  ln<«nd<»c«nt  lampwid  «ooK«!t.         .      ...  i 

tFuiUue,.  m  Fig.  124.] 


IV.   Nkw  Lamps. 

[Lamps  of  the  same  geiienil  cliaracrer  as  these,  but  diflrering 
fitmi  each  other  in  the  mode  kA  manufacture  of  (he  filaments 
of  mounting  it  u])on  the  leading  wires,  and  of  sealing  these 
latter  into  the  inclasing  globe,  have  been  designed  by  varioufl 
other  inventors^  but  they  do  not  call  for  a  description  here. 
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Two  new  lamps  have,  however,  recently  been  bronght  to 
public  notice  which  deserve  mention.  One  is  of  American 
origin,  the  invention  of  Mr.  Alexander  Hematein ;  and  the 
other  is  an  Italian  invention,  demised  by  Signor  Antonio  Crnto. 
In  ihe  first  M  these  the  light-giving  porrinn  consists  of  a 
small  tiil)e  of  carbon,  instead  of  the  fine  airlM:>n  wir-e  of  the 
lanii>s  ilescril>ed  above.  It  in  mounter!  upin  platinum  leading 
wii-es,  and  inclosed  in  an  exhausted  glass  globe,  as  in  other 
iiicaudeM-ent  lamps.  The  carbon  cylinders  were  fii-st  made 
by  carbonizing  slniws,  and  later  by  depcfsiting  carbon  upon 
a  ni'^tallii-  wii-e  and  afterwai-d  dissolving  the  metal  out.  IJoth 
of  tliehe  methfxls  were  finally  aban- 
doned, and  the  tubes  pMdured  by 
rolling  (Kiper  about  a  metal  numdn-l* 
the  successive  layers  of  pai>er  bi-ing 
made  to  adhere  Ijy  means  of  gum  or 
paste.  Tlie  whole  was  then  carlton- 
ized  in  a  mold  fi-om  which  the  air  was 
excluded.  The  shrinkage  (»f  these 
paper  tubes  during  carb<inizatinn  was 
vei-j*  gn^at,  and  (laix^r  wa«  Ihert^ftire 
replaced  by  finely  woven  cotton  or 
silk  fabric.  The  earlier  carbons  were 
mmle  straight,  but  it  has  been  found 
jjoRsible  to  produce  the  tribes  in  the 
form  of  an  arch,  and  (he  present  lamp 
is  therefore  constructed  with  n  curve4l 
carbon.  It  is  rc^presented  in  Fig.  125. 
These  carbon  tulft's  are  said  to  be  ex- 
tremely elastic,  HO  much  so  that  Ihey 
can  bedmwnont  nearly  straight,  and 
will  spring  Imck  to  their  normstl  Khupe.  The  lamp  differs 
from  thos«!  j^revinusly  made  in  being  of  very  h>w  resistance. 
It  is  tlierefon!  not  stiital)le  for  distribuiicm  on  a  lai-ge  scale, 
but  will  answer  well  entmgh  for  su]}urate  iuslaJ]alion,  such 
as  tliose  of  a  shop  or  store. 

In  the  first  descriptions  of  the  htntp  of  Signor  Cruto,  the 
incandescent  organ  was  said  to  Ih;  a  Rue  carbon  tiilH",  formed 
by  de])Ositing  pjirbon  upon  a  platinum  wire  heatetl  to  incan- 
descence while  immersetl  in  oil,  and  then  dissolving  out  the 
platinum.  It,  however-,  appears  from  later  descriptions  that 
the  platinum  is  not  removed,  so  timt  the  light-giving  portion 
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18  really  a  compound  filament,  consisting  of  n  platinnm  noie 
and  carbon  fixtrrior.  This  himp  wawexliihitod  at  the  Mnnirh 
Exhit)Hion  iti  I8*tei,  and  that  at  Vienna  last  year,  hut  Iuih  not 
yet  made  its  apiMjaranco  in  this  Pftuntry.J 
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[To  measure  an  oleotip  lamp  two  quantities  must  be  deter- 
mined—the elertrinid  work  done  per  se<xind  t:0  maintain  the 
light,  and  the  candh»-i)ower.  The  first  of  thi-se  is  equal  to 
EC,  the  product  of  the  dilfprence  of  potential  !n^twe<m  the 
terminals  of  i\w.  lamp,  I)y  the  intensity  of  rlin  currsnt  flowing 
thnmgli  It.  The  difference  of  poUmlial  is  generally  nieusurcd 
directly,  but  the  current  am  Ih;  mon»  U4»;iinitely  dett^rmined 
by  meufluring  the  renistunce,  and  then  calculating  it  fn>m  the 

E 
equation  C  =  s,  which  is  the  method  pursued  in  the  case  of 

K 

small  curi-ents  such  aa  those  through  iucaudesceut  lam{>8. 
This  resistance  must  be  me-asured  while  the  lamp  w  burning 
at  the  desired  candle-power,  as  it  changes  with  the  tempem- 

ture,  bwioniiug  h^ss  iu  the  caae 
(pf  carbon  and  great^-r  in  that 
of  metals,  jis  the  temperature 
is  raised.  U  will  not  be  ne- 
cessai-y  to  enter  here  \i\toji  a 
consideratiort  of  the  details  of 
the  methods  and  instruments 
of  electrittil  measurements,  but 
only  to  indicate,  iu  a  general 
way,  how  the  electiTO-motive 
ftirco  and  resistance  ai'e  de- 
termined. To  measure  reBist- 
anne  an  arrangement  termed  a 
Wheatst^jne  bridge  (shown  in  Pig.  120)  ia  geneiutly  used. 
Its  action  depends  upon  the  regularity  of  the  fall  of  poten- 
tial throughout  a  cioMiit,  If  the  two  ends  f)f  a  wire  are  at 
different  potential,  a  ]K>inl  at  the  oontcr  of  the  wire  will  be 
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at  a  potential  equal  to  half  that  of  the  ends,  and  generally 
a  point  anywhere  between  the  two  ends  will  liave  a  potential 
depending  on  its  position.  Further,  a  current  will  only  flow 
through  a  wire  when  there  ia  a  tlilfereuce  of  poteutial  U'twe<'n 
its  ends.  In  the  figure  the  current  ent«rs  at  A,  and  dividea 
between  the  two  circuits  A  D  C  and  A  B  C.  If  these  be  joine^l 
by  a  croap-wire,  no  current  will  flow  through  tliia  wire  when 
its  ends  ai-e  at  the  same  potential.  This  will  be  the  ca.se  when 
the  resistance  a;  is  to  the  resistance  R  as  the  reaislancie  *  is  to  S. 

ff 

Prom  this  we  have  the  unknown  resistance  a;  ==  R  -.    A 

H 

galvanometer  phired  in  this  cross-cirrutt  indicates  the  j>res- 
ence  *>(  a  curn?nt  through  it  by  the  deflection  of  its  needle. 
In  the  practlr4il  foim  of  this  apparatus  the  resistances  k  and  S 

are  taken  of  sudi  valuer  that  the  ratio  -  may  varj'  from  yfu 

of  an  ohm  up  (o  1(H)  ohms.  Whtm  this  ratin  equals  I,  the  re- 
WBtanee  to  be  measured,  ar,  is  evidently  ocpuil  to  the  adjustable 
resistance  R. 

Tlie  must  accurate  way  of  determining  a  ililTfPenct!  of  po- 
tential  is  by  the  use  nf  a  condenser — an  sipjtanitus  consisting 
of  a  nuraln^r  of  .sliects  of  tin-foil,  sepunit-cd  fiiim  wirli  other 
by  means  of  jiamtlined  jmj)er,  or  micji,  of  which  a  familiar 
example  is  the  I^eyden-jar. 
The  charge  of  eiectririly  re- 
ceived !)y  a  condenser  will  l>e 
proportii >mi I  to  the  electro- 
motivy  forre  of  the  charging  ||     |  'i 

current.  To  tise  it  in  measur- 
ing the  electro- motive  fon'i> 
of  an  electric  hunp,  it  is  (irst 
charged  by  a  source  of  elec- 
tricity of  known  elecrro-motive 
force,  such  a.s  »  standard  cell,  no.  iw    i-i^-i  ■.  i-i  t"M"i  r. 

and  then  discharged  fclirnugh 

a  gnlvnnomt'tfr  jind  tlie  delh^'tion  of  the  needle  notfid.  The 
terminal  wires  aie  then  r'fmnerre<l  wilh  tlie  terminals  of  the 
lamp,  and  ngntn  discharged  through  the  galvanometer.  This 
second  deflection  will  then  give  the  electro-motive  force  of 
the  |jim]>-current  in  temis  of  the  stjindiird,  and  if  this,  as  is 
usually  the  case,  is  unit}*.  diifH!tIy  in  volts. 

The  intensity  of  any  light  Ls  determined  by  cum^mring  it 
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to  a  sTandaivl  canrlle.  A  number  of  different  photometers,  as 
the  inslrnmentti  Un-  making  this  wnn^Ktiisou  are  called,  have 
been  devised,  but  that  most  largely  used  is  the  one  mvenled 
by  Biiuseo.  The  t)j>eration  depends  ui^a  the  action  of  trans- 
mitteil  and  reilerttjd  light.  If  a  g]-e:i»e  sitot  be  made  on  a 
uheet  of  pajwr,  the  spol  will  a]>pear  darker  than  the  surround- 
ing Mixrface  when  the  light  is  ia  front  of  the  paper,  and  lighter 


■■t^T-yuim.iwi 


;,  £. 


Fia.  lai. — M«Ab<«l  of  luiini;  the  Biinwn  photometer. 

when  behind  it,  If  the  paper  be  equally  illuminated  on  both 
aides,  tlie  spot  will  be  indistint^uishable  fixim  the  rest  of  the 
sheet.  In  the  sutnnl  instnjment  the  |raper  is  monnted  in  a 
dark  box,  generally  sheet-iron  painted  black,  being  placed 
iM-niMs  the  lentjth  nf  the  Imx,  tbrnu^h  each  end  fif  which  the 
niys  from  the  lights  enter.  Two  inclined  miriTtrs  are  jilaced 
so  that  they  meet  at  the  back  e<lge  of  the  paper  disk,  as 
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ahown  in  Fig.  127.  TIih  eye  of  the  obsener  is  placed  in 
front,  so  that  tlie  reflection  of  the  spot  in  the  mirrors 
is  seen.  When  the  refleetions  disappear,  the  two  sides  of 
the  p«per  disk  ure  equally  illuminated,  and  the  relative 
intensities  of  the  lights  are  lo  each  other  as  the  squares  of 
Ihi'ir  dishinf'es  fi-om  the  dislc,  Tlie  dark  box  is  motmted 
upon  rollers,  so  that  it  can  be  readily  moved  between  the 
two  lights  along  a  track,  which  is  coTiimouly  graduated  to 
give  at  once  the  intensity  of  the  light  l>eing  mea,sure<l.  Two 
candles  are  generally  used  as  a  standard  instead  <)f  one. 
The  whole  appai-atns  is  inclosed  in  a  dark  chamber,  as 
sliown  in  Fig.  12S. 

A  great  many  tests  of  the  performance  of  incandescent 
lamps  have  been  made  in  the  past  few  years,  but  it  will  suf- 
fice to  give  here  the  i-esults  obtained  by  the  committees  at 
the  International  Exhibition  at  Paris  in  1881,  and  at  Munich 
in  1882.  The  lamps  examined  by  the  Pans  committee  were 
those  uf  K<lison.  Maxim.  Swan,  und  Lane-Fox.  Tlie^y  were 
nieasui-ed  at  sixteen  and  thirty-two  caudles,  with  the  re- 
sults given  in  the  following  tables : 


Al  Sixteen  Candles. 


■ 

LAUI'S. 

£dbM. 

18-89 

SI'tl 
0-451 

(J7-M 
81)1] 

13-78 
198-4 

13-38 

hran. 

Lfla»-nK. 

UkIo. 

18-81 
83-78 
41-80 

i-m 

8934 
7-0» 
10-71 
177-82 

iria 

18-88 
37'40 
48-88 

1-888 

8»ai 

7-088 
10'81 

178-88 
10-88 

lAiie 

41-11 

80^8 

1-880 

78-08 

7-838 

«-4B 

181-37 

848 

At  Thirtfj'tioo  Oandlei. 


C«Mlle« 

Ohm* 

ValW. 

Af npArm     ....,.:...  r .. .  . . . .  • 

VoIU«niiiri-» , .- , . 

KiloemniiigrTUi-lreM ■ 

tiHitipa  per  horw-poircf. 

CtandiM  [i(T  bon>c-]mwcr 

tiunpa  Qf  thirtj-'two  («ndlD«  ptr  hunw-pawcr 


GdUoo. 

88-31 

a  I'll 

180-08 

81-78 

«'S8 

M.31 

0-7 .18S 

1-7  48 

74-B2 

M-SH 

7-91  "4 

»-67 

fl-88 

7-M 

807-35 

382-49 

9-BO 

8-30 

Um»-twL.\ 

1, 

83-71  ' 

28-n»  I 

48-23  I 
I -81 8' 

87-88 

8-«M 

8-47 

378-8tt 

6-88 


Sl-W 

89-80 

«a-27 

1-878 
98-4  ] 

loos 

7-60 

SS6-4] 

7'«8 
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oping  air.  the  successive  particles  of  which  hecom<?  heatpd  by 
contart  with  tlie  wilt;,  and  riaiug  give  place  to  others.  In  the 
pas*'  of  an  incandescent  lamp,  the  filament  of  which  is  placed 
in  an  exhausted  vessel,  this  latter  source  of  loss  is  avoided. 
It  will  therefore  lose  heat  only  by  radiation  and  condnction. 
The  loss  of  heat  by  the  latter  means  will  depend  upon  the 
,  teniiferatui-e  of  the  wire  and  its  cross-section,  while  the  loss 
by  radiation  will  depend  npon  the  temperature  and  the  sur- 
face exposed.  Nt^lecting  for  the  moment  the  loss  by  con- 
duirlion,  it  is  evident  that.,  to  maintain  two  wires  at  the  same 
teTiipeniture  by  the  same  exi)enditure  of  heat  per  second, 
these  wires  mu-nt  have  equal  surfaces,  which  will  be  the  case 
when  the  lengths  of  the  wires  are  to  each  other  inversely  as 
their  diameters.  So  far  as  radiation  is  <;oncerned,  then,  a 
short,  thick  wire  is  as  economical  for  the  purpose  of  incan- 
descence as  a  long,  thin  one.  Bat  since  the  loss  of  heat 
by  conduction  through  the  supports  wilt  increase  with  the 
crosaseotion  of  the  wire,  economy  demands  that  the  wire 
be  as  thin  as  ^wssible,  tliat  this  loss  may  l>e  reduced  to  a 
miuiiuum. 

In  a  wirt?  so  circumstanced,  what  will  bo  the  relation  of  its 
size  to  the  temperaturp  to  which  if  will  be  ruisiMi  by  a  given 
amount  of  heat  i  Let  us  lake  two  wires  of  the  .sann-  material 
ami  length,  but  of  different  diameters,  r/  and  r/,,  and  generate 
in  them  the  same  amount  of  htint  yier  second — that  is,  let 

T(t  niaiutain  the  win^s  at  const^mt  tempem-tures  the  heat 
genenUed  in  each  per  .second  ]>er  unit  of  area  must  lie,  na 
stated  above,  the  same  as  that  radiated.  Ry  Newton's  law  of 
cooling,  the  rates  at  which  the  wires  will  lose  he-at  will  bu 
diivclly  pi-oportioual  to  the  exciess  of  their  temjieratures 
above  that  of  the  inclosing  vessel.  But  the  mdiation  per 
aectmd  fnmi  unit  surface — which  is  the  nite  of  wwling — in 
the  two  wire.i,  will  bu  inversely  as  the  dinmeters  of  the  wires;, 
nud  we  shall  therefoiv  have  i :  /'=  d, :  d.,  in  which  /  and  / '  are 
the  tem]H'ratun!s  above  those  of  the  inclosing  vessela,  to 
whh'h  the  wirtis  will  Iw  raistHl.  This  law  is,  however,  accu- 
nite  only  when  the  b^raperature  of  the  wire  is  but  slightly  in 
excess  of  that  of  the  inclosing  vejssel.  Didong  and  Petit, 
experimenting  through  a  range  of  temperature  of  from  90° 
to  240"  centigrade,  found  that  the  rate  of  cooling  was  not 
directly  proi>ortional  to  the  excess  of  temiieiuture,  but  that 
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l^^:gKAter  at  bigh  than  at  Uiw  t^Mnptii-atureH.     They  fuuud 
that  it  cimld  be  expressed  Ity  a  roruiiila  of  the  form, 

H-//=v«  («■-«•').* 
in  which  H  is  the  total  loss  of  beat  from  unit  area  of  the 
mdiaiing  body  per  secoud,  and  0  its  temperature,  while  B'-  is 
the  tempenitui-e  of  the  inclosure,  and  ft  the  amount  of  heat 
received  from  it  on  each  unit  of  area  of  the  radiating  body ; 
mis  u  constant,  depending  upon  the  substance  and  the  natuiv 
of  ita  surface,  and  a  a  constant,  the  value  of  which  is  1'0077, 
when  the  temperature  is  reckoned  on  the  centigrade  scale. 
This  foiTnuhi  may  evidently  be  written, 

*  H-A  =  »*a»' («•-•■ -1). 
The  exponent  0  —  0'  is  the  excess  of  temperature  of  the  radi- 
ating body  over  that  of  the  inclosure.     Denoting  this  by  ^,, 
the  second  t^rm  of  the  equation  becomes  ma*'  («*i  —  1).     De- 
veloping «*'  into  II.  wrios,  we  Imve, 

rt'i  =  1+9,  log«  +  J  (0^  UifTfti*  +  \  (0i  liigft)"  +  etc., 
which  becomes,  oti  substituting  the  nnmerinil  value  of  loga, 

1  +  -iK)??^,  +  ^  {iXirJ^,)'  +  A  {■iHme,f  +  etc,  and 
ma''  («»■  -  1)  =  m  l-(Krt7*'  -1 1  +  i  (-(MlTr^,)  f  J  {■i)iYn0,)*  +  etc. }-. 

This  shows  us  that  the  radiation  fitmi  unit  area,  instead 
of  being  directly  propordnniil  to  the  tem]>i'nttnn'  0^  is  pro- 
portional to  t!)e  temperature  multiplied  by  a  factor  depend- 
ing on  it.  \Vhen  the  temperature  is  snch  that  0077^,  may 
be  neglected  in  comparison  with  unity,  this  factor  Iwwmies 
practically  constant,  and  the  formulii  agrees  with  Newton's 
law.  t 

In  the  case  of  the  two  wires,  then,  instead  of  having  the 
temperatni-es  inversely  as  the  diameter  of  the  wii-es,  we  shall 
have  them  in  a  less  ratio,  depending  upon  the  values  of  these 
factors.  Tliough  the  law  of  Duh>ng  and  Petit  was  experi- 
mentally proved  through  only  a  small  range  of  temperature, 
it  may,  however,  be  taken  as  expressing  the  fact  that  (he 
higher  the  temperature  the  more  rapid  the  radiation  of  heat. 
From  this  it  results  that  the  temperature  does  not  increa.se  at 
the  same  rate  as  the  generation  of  heat  necessary  to  maintain 
it.  Doubling  the  heat- expenditure  will,  therefoi-e.  not  double 
the  temperature,  and  as  ihLs  latter  is  increased  a  larger  and 
larger  proportiooal  quantity  of  heat  is  necessary  to  sustain  it. 


*  UuweH'B  "  Tlieor.v  of  IleuU" 

tDeachMitl'fl  "Phrsics,"  idxth  islitioa.     Xew  York,  168S. 
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In  our  example  of  the  wires,  if  we  take  them  of  diamet^?^s  aa 
one  to  two.  l>y  Newt/>n's  law  we  shalJ  have  the  smaller  wire 
at  twi(;e  the  temperature  of  the  lai'ger,  but  it  will  have  only- 
one  half  the  sux-faoc  of  the  latter.  By  the  law  of  DiUong  and 
Pelil  the  lempei-atui-e  of  the  smaller  wire  will  not  be  twice 
that  of  I  he  larger,  but  something  lesa.  It  would  seem,  there- 
fore, that  there  is  no  advantage  in  maintaining  a  small  wire 
at  a  high,  over  a  larger  one  at  a  lower,  temjieratui-e.  And  this 
would  be  true,  if  the  light  emitted  by  an  incandescent  body 
waa  directly  proix>rtional  to  its  iempemture.  But  this  Is  far 
from  being  the  case. 

A  body  heattKl  heUm  '.YT7°  Fahr.  emits  only  obscure  rays 
which  alfect  us  aa  beat,  but  are  incapable  of  exciting  vision. 
With  an  increase  of  temperatiire  luminous  mys  begin  to  make 
their  appt.funuice,  and  increase  both  iu  intensity  and  amount 
as  the  temi)erature  is  carried  up.  This  inciBase  is,  moreover, 
extremely  rajjid.  At  firet  a  considerable  augmentation  of 
tempemture  is  necessary  to  jierceptibly  increjitie  the  light, 
but  soon  slight  additions  to  the  temperatui'e  produce  large 
increase  of  the  light  emitted.  Experimenting  with  plati- 
num i-.tisfHl  to  incandescence  by  means  of  the  electiic  cur- 
rent, Dr.  John  W.  Draper  found  that  the  light  emitted  and 
the  tem|>erature  were  related  to  each  other  as  follows : 


TMDpmitarw  dl  tbp  PMlDam. 

iniMHlty  or  Ucbt. 

980"  yabr. 

o-oo 

l.WD 

•84 

S,0I5 

•n 

a,  130 

lU 

S,84B 

2-ClS 

^S«0 

4-40 

S,i7i 

Y-24 

2,fiW 

12-84 

Fn)m  which  it  apjjears  that  th*^  light  emitted  a(  2,.'>IH1''  was 
Homewlmt  more  than  thirty-six  times  that  emitted  at  a  tera- 
peniture  of  1,900".  The  law  of  the  increaHe  of  the  light  with 
the  TeniiH-mture  has  never  been  ronnulaled,  and  1  am  not 
awaj«  that  experiments  have  been  earned  on  at  higher  tem- 
]K'iutiir<'s  thiui  those  usimI  by  Dr.  Drnjier.  The  melting-point 
of  plalinuni  jihiced  a  limit  in  the  trf'mi)eniture  which  he  could 
obtain,  but  with  the  incandescent  carbondamp  this  limit  is  so 
greatly  reitioved,  thai  it  would  seem  to  offer  an  excellent  ex- 
perimental meaus  of  pursuing  this  investigation  through  a 
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sufficient  range  of  tempemtupe  to  enable  the  relation  to  be 
deflml«!y  formulated.  The  results,  however,  could  at  best  be 
only  approximate,  owin^  to  the  gi-eat  diffii'iiUy  of  nieasnring 
higli  remperatui-es  with  aenmiry. 

While  it  U  (liffinilr  to  establish  thedij-e<"t  rchition  between 
the  tempemtni"e  of  n  body  and  the  li^Iit  cinilted  by  ir.  it  is 
comparatively  ea-^y  to  determine  ibe  pr«'<Mse  it'lutioti  bniween 
the  light  emitted  and  the  factor  upon  which  the  lemiienitnre 
depends  —  tlie  lieat-espenditiire.  It  is  possible  to  meawire 
accnmtely  both  the  bent  generated  in  an  incandescent  fila- 
ment per  second  (t?  R  or  E  C),  and  the  candle-pnwer,  and,  by 
doing  tliis  through  a  siiflieient  range,  to  detect  the  !aw  of 
their  relation.  That  this  i-elation  should  be  a  jjeneral  one, 
and  not  simply  one  api>licab!e  to  a  particular  case,  the  supply 
of  heat  must  he  expressed  in  terms  of  some  delinite  standard. 
This  is  to  be  found  in  the  rate  of  the  generation  of  lieat  per 
unit  surface.  We  can,  for  instance,  determine  the  amounts 
of  heat  which  must  be  generated  per  second  per  unit  of  sur- 
face to  give  one,  two,  tlu"ee,  etc.,  candles  for  the  same  sur- 
face ;  or  we  can  assume  a  unit  rate  of  lieat-generation  per  unit 
of  surface,  and  measure  the  candle-powere  corresponding  to 
any  number  of  such  units.  In  either  case  we  have  a  definite 
relation  between  the  liejit-exiK-nditure  and  the  light,  inde- 
pendent of  the  diameter  or  length  of  tlie  incandescent  body, 
provided,  of  course,  that  the  body  is  so  circumstanced  thai  it 
loses  heat  only  by  radiation,  or  that  the  loss  by  other  means  is 
calculable. 

Though  we  have  no  experimental  determination  of  this  re- 
lation through  any  wide  range,  we  yet  have  some  data,  in  the 
results  obtainixl  in  the  measiu-ement  of  incandescent  lamps, 
wliich  give  ns  an  idea  of  its  character.  Referring  to  the 
measurements  of  the  Paris  committee  (page  185),  it  will  be 
seen  that,  to  double  the  light,  the  current  energy  (E  C>  was 
increased,  for  the  >[axini  and  Lane-Fox  lamps,  twenty-six  per 
cent;  for  the  E»1isoTi.  twenty-eight  ]>er  cent;  and  for  the 
Swan,  thirty-seven  per  cent.  Taking  the  first  of  these  we  see 
that,  while  tlie  candle-powers  were  to  each  other  as  one  to  two, 
the  expenditures  of  energy  to  maintain  them  were  as  one  hun- 
dred to  one  hundred  and  twenty-six  ;  that  is,  the  candle-pow- 
ers were  to  each  other  as  the  cubes  of  the  current  energy.  As- 
suming this  relation  to  hold,  up  to  the  point  where  the  cur- 
rent energy  is  doubled,  we  shoidd  have  the  candle-power  in 
1-1 


193 


THE  dCANDESCEST  LIGHT. 


the  latter  case  eight  times  that  in  the  former,  or  wonld  get 
sixty-four  candles  instead  of  sixteen,  xnth  the  same  expendi- 
ture of  energy.  Since  the  two  nieasni-enienta  were  those  of 
the  same  filament,  this  ratio  of  the  exx>eaditures  of  energy  is, 
it  will  he  seen,  that  of  the  rates  of  the  genemtion  of  lieat  per 
unit  of  surface.  It  can  hardly  be  sui>posed  that  the  rela- 
tion between  the  heat-expeuditure  and  tlie  light  woidd  be  as 
simple  a  tme  as  this,  through  a  wide  range  nf  tempeniture. 
Doubling  the  energy  n-qiiired  to  maintain  a  lamp  at  tliirty- 
two  candles  would  probably  increa.se  the  light  more  than  eight 
times,  wliiln  doubling  that  ni'cessary  to  produce  one  candle 
would  show  a  much  less  gain  in  light.  Tlie  real  relation  would- 
be  a  varying  one — probably  one  in  which  the  light  would  in-^ 
oreasp  slowly  at  fti-st,  then  with  great  rapidity,  and,  iinidly, 
more  slowly  again. 

However  this  may  be,  the  important  [loint  to  be  noted  is 
that,  within  altaiuable  exji'enmfntal  linutis,  the  light  emitted 
by  an  incandescent  body  inci-easeH  very  rapidly  as  the  tem- 
perature is  raised,  and  that,  therefore,  economy  demands  the 
maintaining  the  fihmient  of  an  incandescent  lamp  at  the 
highest  iwssible  temjierature.  The  practical  limit  to  the  tem- 
perature attainable  in  an  incandescent  lilament  is  tliat  im- 
posed by  the  ability  of  the  filament  to  stand  the  stndn  to 
wluch  it  is  then  subjected.  In  the  arc-lamp  the  incandes- 
cent material  is  constantly  renewed,  and  hence  it  may  be 
raised  to  a  much  higher  tempemtnre  than  a  filament  whose 
oontiniiity  must  bo  preserved.  We  accordingly  get  much 
more  light  for  a  given  expenditure  of  current  energy  in  the 
former  than  in  the  latter  case.  If  it  were  possible  to  main- 
tain a  filament  at  the  same  temperature  as  the  carbon-points 
of  the  arc,  we  shimld  get  —  with  the  same  surface  exposed 
— not  only  as  good  but  a  su])enor  result,  as  the  filament 
would  be  iivii  from  Ios.h  of  heat  by  exposure  to  the  air,  and 
there  would  be  a  smaller  loss  l>y  C{)nduction.  We  arc,  how- 
ever, very  far  twm  this  condition  In  prt*senl  inciniclesccnt 
lamps,  and  can  not  hojie  to  ever  i-each  it,  Ihongli  we  may 
reastuuibly  expect  to  approach  it  much  mta-e  nearly  than  has 
yet  lH?en  done.  All  incandescent  lamjus  are  run  at  c<inipiim- 
tively  low  temperatures,  but  impi*ovemenls  are  constantly 
being  made  in  the  filamenta.  which  will  better  fit  them  for 
economical  working. 

Even  at  the  low  temperatures  at  which  it  is  at  present  run, 
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the  incandesceut  lamp  is  still  a  vastly  1001*8  efficient  lustra* 
lutjut  for  converting  heat  into  li^ht  than  a  ;j;a9-Hnme.  Taking 
the  measHienient  of  the  Edison  lamp,  made  by  the  Paris  com- 
mittee, we  find  the  expenditiu'e  of  energy  in  maintaining  the 
filament  at  sixteen  candles  to  be  0(>-I0  watts,  or  -08  horse- 
power, and  the  expenditure  jier  candle  3-70  watts.  To  arrive 
at  similar  figures  ft)r  gas  it  is  only  nefosaiiry  to  cidruUitn  the 
mechanical  equivalent  of  the  hoat  pnxluctHl  by  the  r4)nibns- 
tion  of  the  requisite  nmonnt  of  giis.  Onliniiry  coal-gas  giving 
a  sixtcen-candle  light,  with  a  consiiniptlnii  tif  five  feet  nil 
hour,  ma}'  be  luken  as  nieasiiring  thirty-fivo  cubic  f«et  to  the 
pound,  and  this  sjmoiint  as  evolving  by  its  combustion  ISii'iOO 
pound-degree  ((N"ntigrndp)  nuits  of  heat.  Five  feet  will  theiv- 
foi-e  evolve  1,78.">  siicii  units,  wliirli  am  eqnal  to  810,(KK»  ciihir- 
jea,  since  the  centignide  pound-degree  equals  4ii3il  gnimme- 
degrees.  As  this  i.s  the  expenditure  per  hour,  tliat  per  second 
will  be  (810,000  -^  3.0<Xf)  225  calories,  eqrial  to  IMfi  joules,  since 
one  calorie  e<iualH  -12  jouIe,s.  As  a  joule  per  second  is  one 
watt,  we  have  energy  exjieniled  in  a  five-foot  g:is-flame  at  the 
rate  ctf  04.5  watts,  or  l"2fi  horse-power.  The  ex]»enditnre  i>er 
camile  is  therefoiv  (,945  4-  16)  50  watts,  as  agiiinst  3*70  in  the 
Ediscin  inran<lesi!ent  lamp.  Tins  hitter  is  rcmsequently  over 
Jifteen  limes  mom  efficient  thnn  a  giis-Mume  as  a  Ught-pTO- 
ducer.  Even  allowing  this  amount  of  heat-energy  to  repi-e- 
sent  twenty  candles  with  giis,  the  incandescent  lamp  is  still 
twelve  times  as  efBelent. 

This  giieat  superiority  of  the  incandescent  knip  has  hardly 
received  the  attenthm  it  deseiTis.  C<)mpai*!s(m  has  usually 
been  made  iM-twi-en  it  and  the  arc-lamp,  and  lis  comparative 
ineflfidency  chiefly  dwelt  uinm.  Yet  it.  stiriKisses  gas  far  more 
in  this  resjiect  than  the  arc-lamp  does  it,  for.  by  the  testa  made 
at  Paris,  (he  coraiMirathe  efficiency  of  these  iwo  is  as  one  to 
seven. 

The  considerationa  presented  in  this  chapter  indicate  very 
clearly  the  direction  to  be  tnken  by  efforts  to  improve  the  in- 
candescent himp.  It  has  unquestionably  taken  its  tJnal  form 
— that  of  a  strip  of  resisting  material  inclosed  in  an  exhaust- 
ed glass  envelope  —  a  form  of  such  extreme  simidicity  tltat 
nothing  more  i-emaina  to  bo  done  in  tins  reaiwct.  Attention 
must  hereafter  tw  concentrated  upon  the  incandescing  strip 
itself,  as  on  its  improvement  dej>enda  whatever  gain  in  econ- 
omy is  to  be  obtained.     Methods  of  constructing  this  iucan- 
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descent  portion  must  be  sought  for  which  will  give  it  increased 
ability  to  withstand  the  disintegrating  effects  of  high  tem- 
.  peratures,  and  the  disrupting  action  of  the  current.  The  prob- 
lem is,  therefore,  but  partly  electrical ;  it  is  mainly  one  con- 
cerned with  a  consideration  of  the  structural  characteristics 
of  bodies  upon  which  their  power  of  withstanding  strains  of 
such  character  depends.] 


BOOK  IV. 


PRODUCTION  OF  ELECTRIC  CURRENTS. 


The  ])r(>(liiciion  of  elprtric  riiiTi'iits  by  chomical  action 
goes  batk  to  tho  disinivery  of  ^'Illta  in  1800,  titid  it  is  the  fnnn 
which  he  ndopted  fi>r  nnr  <>f  his  fii-st  apparatus  that  pave 
them  Ihfi  nume  of  Voltaic  Filr-s;  whirh  is  aj^plird  to  nil  those 
wliich  are  need  for  the  same  purpose.*  They  are  called 
h//fh-o-r/fr(n'f  hattpries  to  distinguish  them  from  fhermo-dec' 
trie  batteries,  in  which  Piirrents  are  pro<hice(]  by  the  direct  ac- 
tion of  heat  upon  two  metals.  The  first  batteries  used  were 
too  weak,  and  were  of  no  sen'ice  except  for  hihoratory  ex- 
X)eriments,  whieh  were  very  costly.  Biinsen's  batterj',  much 
more  powerful,  answered  in  some  exceptional  cases ;  but  it 
was  only  nTter  the  invention  of  the  machines  founded  on  the 
discoveries  of  Ampere,  of  Arago,  and  of  Kumday,  that  it  was 
possible  to  serionsly  think  of  the  industrial  applications  of 
electricity,  especially  of  the  production  of  the  h'ght  for  eco- 
nomic uses.  Since  that  time  the  hydi-o-electric  batteries  have 
been  almost  entirely  put  aside,  and  the  recent  progress  effect- 
ed in  the  transmission  of  electricity  will  soon  succeed  in  dis- 
courd/^ing  tlie  few  inventoi-s  wiui  are  still  striving  and  now 
hoping  to  i>erfert  them.  We  have  little  need  of  occupying 
ourselves  with  them ;  bxit,  side  by  side  with  these  ordinary 
batteries  there  exist  others,  which  have  to  play  a  very  impor- 
tant part,  and  wlilch  have,  moreover,  under  their  last  fonn, 
made  a  verj' brilliant  entry  upon  the  industrial  stage;  the«e 
are  the  strofid/trt/  hafierks^  invente*!  in  1850  by  W.  Plants, 
and  proposed  to-day  to  sen-e  for  the  storage  and  ti-anspor- 
fation  of  electricity.    We  believe  it  will  be  nsefol  to  study 

*  This  !i  trnc  only  in  Frotirh.     In  En);li>'h  Lbc  name  tatttry  \m  almo:>t  colvcr- 
mUj-  usc<I  at  thv  [>r««ivtit  dnj-.— TeAKitLATOK. 
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briefly  bnth  typps  of  batlery,  so  as  to  ^ve  an  estimate  of 
tlip  n"*()iirc('s  iIk'v  niiiy  Ik.'  bnped  lo  furnish. 

The  llieiiiio-eU'clrii-  bjitterieH  am  so  much  the  more  inter- 
esting, aa  they  represent  the  simplest  mode  of  pi*oducing  elec- 
tricity. Nothing  but  heat ;  no  machines,  no  complirntions  ;  a 
liirge  henter,  which  is  to  be  heated  regularly — this  is  the  solu- 
tion of  the  problem,  which  nn  inventor,  M.  Clamond,  seemed 
to  hare  nearly  attaine*!  two  years  apn,  and  yet  no  model  of 
it  appearetl  at  rhe  Klectrical  Kxhibiticm  of  Paris.  Wo  will 
study  this  apparatus,  because  we  are  in  hopes  that  it  will 
reappear  soon,  in  propHfi  pernona,  or  another  of  the  same 
family,  which,  perhaps,  rescn'es  for  us  some  unexpected  aur- 
priso. 

W«  will  examine,  linally,  the  machines  which  to-day  are 
our  princijiiil  resourcf,  and  which  have  certainly  not  yet 
rea<,'hed  their  limit. 


CHAPTER  T. 


nrnno-ELECTRW  ba  ttkries. 

We  have  seen  already  that  an  electric  curi-ent  can  only  be 
produced  when  the  eqiMlibrinm  of  the  molecules  is  disturbed 
by  Bt»mo  particular  force,  called  elecJi-o-motive  force.  This 
force  can  bo  obtained  by  cheniicnl,  calorilic,  or  mechanical 
action.  It  is  also  probable  that  these  different  actions  aro 
always  accompanied  by  plcrtn'cal  manifestations,  but  it  is 
only  in  certain  particular  ca-se.s,  and  with  special  disposi- 
tions, that  it  Ls  possible  to  cjdlect  tlii.s  eJccti-icity  in  ntiliza- 
ble  fonn. 

The  <-hi'mical  action  is  effected  by  the  well-known  a]ipa- 
ra.tuH  known  as  an  electric  battery,  an  appamtus  in  which  two 
Hulistances  are  placed  in  each  other's  jji-e-sence,  one  of  which 
is  attacked  by  the  other,  and  becomes  the  seat  of  an  electro- 
motive force. 

When  a  plate  of  pnre  zinc  is  plnnped  into  water  ncidn- 
Inted  with  sulphuric  acid,  a  chemical  action  is  produced :  the 
zinc  changes  its  state  ;  a  new  body  is  formed  by  ita  combina- 
tion Avith  the  acid,  and  the  electric  molecules  which  were  in- 
closed in  the  metal  dart  throagh  the  water.    If  they  have  no 
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way  of  escape,  wliich  is  generally  the  case,  because  the  vessels 
enn]>loyfHl  are  not  fiiood  conductors,  they  accumulate  until  a 
new  equilibrium  ia  prochiwd,  iind  the  plertro-motive  force 
oea-stt-s  to  net.  But  if  thei-R  is  ])]]iccd  in  tlie  liquid,  hy  the  side 
of  the  j)]ut)f  nf  zinc,  u  second  i)]iitc  formed  of  a  body  tliat  is  a 
conductor,  and,  Ije  it  underetood,  unattiickable  by  the  acid — a 
plate  of  rarbim,  for  cxamjile — tlie  electric  molecules  will  jiccii- 
mulatb  then'.  TJiis  phite  will  then  be  cliar^!;e(l  in  excess, 
while  the  plate  c)f  zinc  will  be  wWied  of  a  ron-espondin^ 
qmmlily ;  the  accumuhition  on  one  side,  and  tbe  im]ioverish- 
ment  on  the  other,  will  attain  a  power  proportional  ttj  the 
energy  of  the  electro- motive  force  which  has  produced  them, 
and  which  maintains  them  without  going  auy  further;  but, 
as  soon  as  the  two  plates  shall  have  been  connected  one  with 
the  other  by  a  condticting  wire,  the  molecules  will  fnllow  the 
way  which  is  ojien  to  them,  and  will  rusli  from  the  carbon 
plate  toward  the  zinc  plate,  where  they  will  receive  from  the 
electro-motive  force,  set  free,  a  new  impnlse,  and  will  recom- 
mence the  same  round  as  long  as  this  force  will  suffice  to 
keep  up  their  movement.  The  electric  current  will  be  estab- 
lished. 

The  two  plates  are  called  electrodes.  The  plnte  of  carbon 
re]iresents  The  ]>ole  of  accnmulntion,  or  positive  pole,  and  the 
plnte  of  zinc  the  pole  of  rarefaction,  or  jifgatire  pole.  In  the 
external  circuit  the  current  always  goes  toward  the  negative 
from  the  i>ositivc  pole,  while  in  the  interior  of  the  battery  it 
goes  from  the  zinc  to  the  rarbon  pljito.  Tlie  iirst  one,  then,  is 
posirivc  wirh  respect  to  the  second  ;  it  follows,  and  it  is  some- 
thing which  must  not  be  forgotten,  that  the  negjitive  polo  of 
the  extenml  cir*-uit  is  situated  on  the  positive  electrode,  and 
that  the  xmsitive  pole  of  the  same  circuit  is  on  the  negative 
electrode. 

To  the  resistances  encountered  by  the  current  in  the  ex- 
ternal circuit  a  new  one  must  be  added— that  of  the  liquid 
— which  it  must  traverse  to  pass  through  the  space  which 
separates  the  two  plates;  this  is  called  the  interior  resist- 
ance. The  two  resistances  must  be  added  together,  to  give  the 
total  resistance,  to  which,  as  we  have  seen,  a  corresponding 
tension  is  the  equivalent.  Tlie  molecules,  which  have  acquired 
this  total  tension  under  the  influence  of  the  electro-motive 
force,  must  exhaust  a  part  of  it  in  overcoming  the  interior 
resistance ;  and  for  the  useful  work,  to  produce  which  the 
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current  is  established,  to  be  an  great  as  x>OH»ible,  this  first  ex- 
peuditiire  should  hn  eqnal  to  one  half  of  what  they  ptwsess : 
in  eflFect,  if  they  expend  a  greater  quantity  in  the  tirst  circuit, 
they  will  not  have  enough  in  the  exterior  circuit;  If  tbey 
expend  less,  tbey  will  have  an  excess  of  useless  tension,  and 
the  eloctiYi-motive  forre  will  l)e  wasted.  From  this  it  will  1«3 
concluded  that  the  interior  and  exterior  i-esistanres  sIkiuM  be 
equal.  Now,  tlie  interior  resistance  has  a  detinire  value,  im- 
posed by  the  nature  of  the  batter}*,  and  genci-ally  insuflicient 
to  fulfill  this  condition  ;  there  must  he  some  means  provided 
for  inrrea-sing  it,  and  for  this  it  is  enough  to  add  a  new  ele- 
ment by  the  side  <tf  the  first,  by  eonnec^ting  the  cai-bim  plate 
of  the  first  to  the  zinc  plate  of  the  second.  The  molecules 
coming  fi*om  the  lirst  element  find  themselves  in  presence  of 
the  eleetro-inotive  fori;e  of  the  second,  which  will  give  a  new 
impulse  in  addition  to  that  which  they  have  alrii-iitly  received ; 
they  will  have  a  double  tension.  The  second  plate  of  carbon 
will  become  the  positive  pole  of  the  Imttery. 

It  will  be  seen  that  in  arranging  in  a  series,  one  after  the 
other,  the  necessary  number  of  elements,  a  sum  of  interior 
resistances  is  finally  rejichetl  equal  to  the  exterior  resistance. 
This  is  called  connecting  a  battery  for  fenston. 

If,  on  the  other  hand,  on  one  side  all  the  zinrs  arc  con- 
nected, and  on  the  other  side  all  the  carbons,  the  interior  re- 
sistance will  not  change,  because  it  will  be  the  same  at  each 
instant  in  all  the  elcTnents.  What  happens  is  the  accumula- 
tion of  the  quantities  of  molecules  displaced  in  each  of  the 
elements,  and  a  consequent  Increase  of  the  total  quantity. 
The  battery  is  connect^Mj  for  f/rfanfifr/. 

The  numluT  of  elements  necessary  to  obtain  a  current  of  a 
determinate  intensity  naturally  varies  with  the  nature  of  the 
suKstance  acting  in  it,  and  the  energy  of  the  i*esulting  chemi- 
cal action  ;  with  those  tn  which  the  interior  resistance  ts  con- 
siderable, the  chemical  action  is  more  prolonRed ;  but  the 
elertn)-motive  force  can  only  displace  a  very  few  electrical 
molecnles,  and  the  current  wnll  have  a  high  tensi<m.  It  is 
often  impossible  to  use  them,  because  to  furnish  the  necessary 
quantity  of  electricity  the  current  would  attain  an  exaggerated 
tension. 

As  the  electro-motive  force  which  results  from  the  chemi- 
cal actions  is  usually  quite  feeble,  it  is  necessary  to  unite 
many  elements,  and,  when  it  is  necessary  to  have  a  current  of 
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considerable  intensity,  the  bulk  of  the  battery  becomes  very 
troublesf»ine.  This  is  a  serious  inconvenience ;  unfortunately, 
it  w  not  tho  only  one. 

Chfmirully  jjiire  zinc  is  of  high  cost,  nnd  the  zinc  of  com- 
merce h;is  to  be  used.  This  contains  foreign  bodies  whi<li 
permits  \\ui  fommtion  in  the  clectnMie  of  a  number  of  smaJl 
local  circuit.s ;  not  only  ia  the  electricity  thus  disenguged 
lost,  but,  as  this  action  Ls  contiimous,  even  when  (he  exterior 
cii'cuit  is  oj>en,  the  zincs  are  consumed  without  producing 
any  useful  effect. 

To  i-eniedy  this  evil  they  have  to  be  anialfrJnialed — that  is 
to  say,  a  layer  i»f  nuTcury  lias  to  be  spread  upon  their  sur- 
face which  combines  with  the  zinc;  thanks  to  this  s])ecies  of 
varnish,  the  chemical  action  only  exists  while  the  circuit  is 
closed,  and  the  zincs  are  presened.  Hut  as  the  layer  of  amal- 
gam is  easily  detached  and  di-o])s  U*  the  bottom  of  the  cujis, 
the  o|>eration  liaa  to  be  rejjeated  whenever  the  battery  is  to 
be  n^ed. 

Tlie  chemical  action  does  more  than  attack  the  zinc  ;  at  the 
same  time  it  decomposes  the  water,  one  of  whose  constituent 
parts,  the  oxygen,  combines  with  the  zinc,  but  wbo.se  other 
part,  the  hydrogen,  remaining  free  in  the  liquid,  is  carried 
along  by  the  electrical  molecules  and  stojis  on  the  surface  of 
the  carbon.  This  is  soon  covered  with  a  layer  of  gas,  a  very 
bad  conductor ;  the  electric  molecules  can  not  pass  any  longer, 
and  the  electro-motive  force  censes  to  act.  This  state  of  the 
cjirlmn  plates  is  denofcfl  by  sajing  tliut  it  is  polarized;  we 
will  further  explain  this  expression. 

To  overoome  this  poliiriyjition,  thpconstiint  butteries  liave 
been  invented,  in  which  is  placed  a  substance  capalilo  of  al>- 
sorbing  the  hydr<igen  as  fjist  as  it  is  deposited  <m  the  nega- 
tive electnide.  Becquerel  was  the  lirst  who  suggested,  in  the 
year  18^9,  this  mode  <if  effecting  thin  end.  The  best  method 
r^raBists  in  adding  to  the  liquid  a  metallic  salt  in  solution,  of 
the  same  natuiv  as  the  negative  electrode  ;  instead  of  gaseona 
hydrogen  the  battery  deposits  on  this  electrode  a  layer  of  the 
same  metal,  and  there  Is  no  polariz-allon.  Tliis  is  the  arrange- 
ment adojtied  by  Daniell  in  1830,  in  the  sulphate- of -copper 
battery  which  bears  his  name. 

To  prevent  these  two  liquids,  saturated  solution  of  sul- 
phate of  copper  and  ncidulated  water,  from  mixing  too  mp- 
idly,  the  first  is  inclosed  with  its  electrode  in  a  porous  cup. 
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tlu-ough  which  it  slowly  passes,  and  keeps  the  jmsaage  free 
for  (he  electiioal  molecules  (Pig.  12t>). 

In  1831)  Grove  tried  nitric  acid,  verj-  rich  in  oxygen,  nnd 
easily  deooniixised.  The  polailzing  hydrogeu  eombines  with 
part  of  the  oxygen  of  the  acid ;  iinfortiinately,  this  last  is  thus 

decomposed  intt>  binoxide  of  nitrogen, 
and  this,  coming  in  contact  with  the 
air,  disengages  suffocating  fumes  of 
hjTionitric  acid,  as  all  know  too  well 
who  havow(H'ked  either  with  Grove's 
or  Runsen's  battery,  which  only  differ 
in  thi;  substitution  of  pis-cjirbon  for 
plutinum  a-s  negative  electrode  (Fig. 
131). 

Thei-e  an*  many  otlipr  ronibinations; 

WH  .sluill  only  rpcall  the  (employment, 

fto.  i».— DbuIqII  Uiwry.       Qs  (lepolariziT,  of  a  sobi'ion  of  liichro- 

mate  of  ])otasli  in  sulphuric  arid,  nl- 

thongh  this  system  of  batterj-,  invented  l)y  M.  Pi)ggendori', 

is  only  available  for  experiments  of  short  duniiioii. 

Another  trouble  remains:  the  liqnidH,  wluwe  quantity  is 
Hmiled,  change  their  C(mipositi(m  littht  liy  little;  the  acidu- 
lated water  becomes  saturated  with  suljihace  of  zinc;  the 
nitric  acid  is  replaced 
by  water ;  the  electro- 
motive force  progres- 
sively weakens,  and  in 
pntportirm  to  the  quan- 
tity of  electricity  sup- 
plied by  it.  The  con- 
stancy of  these  batter- 
ies, therefore,  is  only 
relative;  it  never  ex- 
eei'ds  a  few  hours  when 
they  are  used  for  the 
eluetric  light.  If  they 
have  to  be  uswl  for  s 

lon^r  jteriiHi  ilie  liquids  must  be  renew^ed,  and  that  so  as  not 
to  cliange  the  intensity  of  tlie  cun-tmt.  To  overcome  these 
troubles  a  number  of  combinali<ins  have  been  suggested,  of 
which  the  most  interesting,  from  the  point  of  view  of  our  stud- 
ies, we  shall  here  describe. 
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As  the  Daniell  Imttery  is  mon;  constant  tlmn  Ilie  Biinsen 
battery,  and  also  disengixges  no  fumes,  M.  CaiT6  invented  in 
IBOB  an  arrnngpment  whirh  pfmiiih'fl  liim  to  uho  i(  for  ]m>- 
dticing  tUe  electric  \tp:\it.  Tlic  irouhli',  wus  in  iLe  inifrnal  re- 
sistance of  the  Daniell  Imttery  ;  tcKliminiah  this  resislanee  M. 
Carr^  jpu-e  to  tlie  elcrtrodcH  n  very  lai-ge  surfju'e,  and  replaced 
the  porcelain  cup  Ity  a  pajHT  vcwsel,  previously  treated  with 
milpiinric  acid,  ojiHed  parchment- paper. 

With  this  amimipnieut  five  Uaniell  cnpa  oonM  he  substi- 
tnted  for  three  Biinsi-n  cups,  and  a  battery  of  sixty  elemente 
has  worked  for  two  hundred  successive  houi-s  without  weak- 
ening ;  it  sufficed  tn  re- 
place every  twenty-four 
.Vn^  Q hoars   by   pure 


.* 


water  n  piirt  nf 

the  sulphate  of 

zinc  formed.  The 

liglit   obtained  cost  one 

fnini-  jMir  lionr. 

Following  out  antdher 
onler  of  idinis.  M.  Toin- 
masi  has  amingcd  the 
Biinsen  pile  so  els  lo  re- 
new constantly  the  arid- 
lati'd  water,  bj'  whicli  the 
action  is  kept  more  i*egn- 
hir,  and  which  diminish- 
es a  little  the  work  ofde- 
polarizjition,  because  the 
bubbles  of  hydrogen  are  In  part  carried  off  by  the  water. 
Besides,  the  porous  cups  are  enameled  over  their  lower  sur- 
face, which  sen-es  to  retain  the  necessary  quantity  of  nitric 
ncid.  A  block  of  porcelain  caxises,  by  displacement,  the  acid 
to  rise  into  the  upper  pan  of  the  cui),  which  part  is  still 
porons.  Porcelain  stoppers  close  these  vessels  hermetically 
and  prevent  the  disengaapment  of  hyponitric  acid ;  there  is 
some  fear  that  nt  the  same  time  they  prevent  the  depolarization 
from  bein/y  as  completely  effected ;  it  appears  also  that  these 
batteries  Ii;Lve  a  litile  more  electro-motive  force,  and  less  inte- 
rior refsisiiiiic.'  thiin  the  Bunsen  battery  of  the  nsaal  model. 

A  more  important  moditicntion  (Figs.  130  and  132)  has  been 
applied  by  M.  Reynier  to  the  Dnnicll  battery,  to  increase  its 
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electro-mo  1170  force  imil  diniinisli  its  iiiterittr  resistjinco.  The 
poii»ii8  cup  is  made  of  |>:ir«'hmeiit-p;iiKT,  as  M.  CaiT6  had 
already  made  It ;  but  an  ingenious  way  of  folding  the  i)arch- 
meut  made  the  execution  of  it  very  easy.  The  negative  elec- 
Innle  is  uf  copi>er  and  the  depolarizing  liquid  is  a  solution 
of  sulphate  of  copper.  The  positive  electrode  is  nlwaye  of 
zinc,  which  nei'd  not  be  nmalpinmfed  ;  but  the  ncidiUated 
water  h  ifplaceil  by  musTic  siuln.  The  natural  i-esistanoe  of 
these  two  liquids  is  diminished  by  the  addition  of  appropri- 
ate salts.  This  new  couple  is  more  energetic  than  the  other 
piles,  linns^Mi  i»r  Danii'II,  and  its 
interior  n'sistanrt-  much  less.  It 
has  the  addilinual  iidvanta^  of 
emitting  no  funu's,  and  the  invent- 
or hopes  to  succeed  In  regener- 
ating almost  c<mipletely  the  i>rod- 
ucts  use<l  by  passing  thi-ough  the 
exhausted  solutions  a  quantity  of 
ele^'triritysHghtly  in  excess  of  that 
which  the  !>at- 
tery  has  emit- 
ted ;  the  cop- 
per deposited 
on  I  he  negative 
electrode  will 
be    dissolved, 

and    the    dis-  _ 

solved  zinc  reduced  t<i  the  metallic  state.     This,  then,  would 
constitute  a  iluid  for  the  stomg(^  <tf  ele<'tricity. 

Other  inventors  have  sought  f<ir  such  combinations  that 
the  battery  residues — ihat  is  to  say,  the  .sTibsrnnces  pro<luced 
after  the  clfM-tririiy  had  been  d«^i-eli>pe<l  at  the  expense  of  the 
original  iuat4*rials — wciuld  have  a  value  in  commerce,  so  as  to 
diminish  the  ccwt  of  such  dctvolopment ;  some  have  even  de- 
claiv<l  ihai  they  slntuld  cost  nothing.  \V<'  know  of  no  prac- 
tical result  due  to  tlu>se  researches,  without  doubt  perfectly 
justifiable,  but  which  are  so  complicatiMl  by  the  commercial 
L-omliiious  that  they  ha\-e  hitherto  been  fi-uitless. 

Secondary  or  Stor.vge  IUttebies. 

Tills  name  is  given  to  batteries  in  which  two  substnucefl  in 
pi-esence  of  a  liquid,  after  having  been  subjected  to  a  Hrat 
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transfonnation  under  the  Influence  of  tlie  iwissage  of  an  eiec- 
tiic  current,  retuni  to  their  first  slato,  disengo^ng  in  this 
second  transfunnation  a  certain  quantity  of  elwtricity.  The 
culTents  thus  produced  are  calleti  ftacoTtdaTf/  currt^nts.  It  is 
tUus  that  in  an  ordinary  batt«ry,  when  the  negative  electnide 
is  covered  with  hydrogen,  the  latter,  which  has  a  higli  affinity 
lor  oxygen,  tends  to  create  a  secondary  current  opjKJsed  to 
^e  principal  cuiTent.  The  negative  electi-ode  becomes  in  part 
positive  in  its  turn,  and  lor  that  reason  i«  said  to  be  polarized. 
Secondary  Ijatteries,  properly  so  called,  are  those  in  which, 
instead  of  the  prevention  of  polarization^  ila  development  is 
sought  after,  to  re-obtain  from  it  subsequently  the  work  ic 
will  have  stored  up ;  it  is  one  of  the  remarkable  applications 
of  the  recipi-ocity  or  revei-aibility  which  accompanies  the  pro- 
duction of  electricity.  AUhouj^h  these  phenomena  were  litat 
obsen'ed  by  Gautherot  in  IWH,  it  was  only  in  IHoW  that  M. 
Plants  took  up  the  study  again  and  invented  the  batteiy 
connTOsed  of  plates  of  lend  so  well  known  to-day.  These  plates 
are  rolle<l  up  jtarallel  to  each  other  in  a  spinil,  and  are  sepa- 
rated by  bands  of  canutchouc  ;  they  thus  have  a  very  large 
surface  in  a  sm:dl  volume,  and  the  interior  resist^ince  is  low 
on  account  of  their  proximity.  They  are  eont-uned  in  a  jar 
of  insulating  material,  ordinarily  of  glass,  and  tliis  jar  is  filled 
with  water  aridnliited  with  one-tenth  part  of  sulphuric  acid. 
Til  maki!  tlieni  capalile  of  storing  electricity,  it  is  necessary  to 
form  them,  by  causing  nn  electric  current,  from  an  ext^'mal 
source  to  ])as;j  a  number  nf  times  tliroiigh  tlie  cell,  first  in  one 
direction  then  in  the  other.  At  each  i)aHsagc  of  the  current 
the  oxygen  attacks  rme  plate,  producing  on  it  a  c(mting  of  p<!r- 
oxide  of  lead;  the  hydrogen  goes  to  tlie  olher  plate  when*  it 
escapes.  When  the  coating  of  peroxide  is  thick  enough,  Ihe 
pile  is  fojTued,  and  then  it  is  necessary  to  be  careful  to  always 
charge  it  in  the  same  direction.*  Dnlinarily  seveiiil  elements 
are  combined  by  means  of  a  switch,  vviuch  admits  of  their 
being  connected  in  quantity  for  charging  and  in  tension  for 
discharging.  The  dui-atiou  of  this  discharge  is  proportionnl 
to  the  resistance  which  it  encounters.  Two  Bunsen  elements 
suffice  to  charge  twenty  secondary  elements,  and,  according  to 
M.  Plants,  the  return  is  equal  to  nine  tenths  of  the  electricity 

*  [Th.>  ol.jcrt  of  the  "  fftrmini;  '*  is  to  render  the  lentl  ]ilite<i  oponpy  ao  as  to 
gei  as  loTKO  a  burfacL-  aa  poMJble,  with  a  given  wciglit  ot  inuterUl,  on  which  to 
deposit  Ui«  •viire  oxide;] 
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recetved.  The  mirrent  can  he  preserved  for  a  lon^  tirao  ;  it  is 
undimuiiHhed  at  the  end  of  eii;ht  days,  and  can  furnish  cur- 
rents even  at  the  end  of  a  mouth. 

The  Planl6  battery  had  received  already  nnmerous  appli- 
cations, when  ({u'lte  tvoently  M.  F:uire,  impressed  with  the 
services  which  it  could  render,  and  perhaps  tliinking  a  little 
of  those  which  it  might  render  him,  introduced  an  interesting 
motliiioation.  To  make  the  coating  thicker  and  more  rapidly, 
lie  covers  each  one  of  the  plates  with  minium  or  other  iusoUi- 
blo  oxide  of  lead,  and  this  luiuium  is  retjiined  by  a  piece  of 
felt  riveted  on  the  plate  of  lead.  Tliis  battery  is  formed, 
like  the  tirst,  by  passinjj  throu^jrh  it  an  eleclnc  cuirenr  which, 
brings  the  minium  to  the  state  of  x^ro'^We  oil  t^i®  positive 
electrode,  and  to  the  state  of  metallic  leiid  on  the  negative 
electrode ;  when  it  is  discharged  the  reduced  lead  oxidizes, 
and  the  peroxirle  is  reduced.  The  layei-s  within  which  these 
reactions  take  place  being  thicker,  the  stoi-age  caiiacity  is  in- 
creased, but  to  an  amount  that  is  a  subject  (>rdts]mle :  the  in- 
ventor says  forty  times ;  several  exiierimenters  say  one  and  a 
half  times.  It  is  pmbable  that,  in  attributing  to  the  Faurftd 
accumulator  a  power  thi-ee  times  that  o£  the  Plaule  batttry,] 
all  is  said  for  it  that  is  warranted. 

At  the  Electrical  Exposition  in  Paris  the  Faure  accumu- 
lators served  every  day,  for  Hve  or  six  hours.  t<p  supply  Ihe 
incandescent  Swau  lamps,  which  lighted  the  restaurant  in  the 
first  story  and  the  Judges'  iluU.  Tliey  were  charged  during 
the  day,  in  three  or  four  houi-s,  with  currents  from  a  Siemens 
machine. 

We  have  nothing  to  say  In  reference  to  the  pr^ijects  for 
transporting  electricity  by  the  use  of  this  appartitus:  it  w  a 
false  combination,  in  which,  among  other  fallacies,  it  does  not 
appear  how  the  puivhaser  can  know  whether  the  Ijattery, 
which  is  brought  to  him  is  completely  charged,  and  whether] 
that  which  is  removed  is  completely  exhausted.* 

Meanwhile,  although  somewhat  <lear — one  hundred  and 
twenty-five  francs  f(»r  an  element  of  eight  kilos,  representing 
one  kilogrammetre  for  eight  hours — these  batteries  can  be  of 
very  great  service,  and  it  is  easy  to  use  them  by  charging 
them  with  Thomson  batteries,  four  elements  for  a  secondary 

*  [Tliough  this  mode  of  BnpjilyinK  storstn  batteries  to  ooiwatnem  bail  beeu 
MKgMtei],  more  e»jii'C)»ll,v  nt  tin-  timv  uf  revival  of  iatcrcHt  in  thorn  foronil  ;r<-'ar8 
ago,  I  am  nut  awaro  uf  iia  haTing  been  Mricmsljr  advooat«d  hj  aaj  ona.J 
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Faure  element.  The  Thomson  battery  is  Inodorous,  and  quite 
constant ;  it  can  work  day  and  niglit  without  any  interrup- 
tion, and  needs  no  other  c^ire  tlian  tlie  addition  periodically 
of  some  crystiUs  of  sulphate  of  copper  and  replacement  by 
pure  water  of  a  pait  of  the  solution  of  sulphate  of  zinc,  as 
it  becomes  saturated. 

They  might  even  now  be  employed  to  replace  the  six  or 
eight  Bnnsen  elements,  which  have  found  a  last  asylum  on 
the  ground-Hoor  of  the  Op6m,  and  which  repay  this  hospi- 
tality by  corroding  a  lai-ge  part  of  the  western  facade. 

Before  M.  Fam-e,  Messrs.  Huuslou  and  Tltomson  had  in- 
vented in  America  a  secondaiy  battery,  foi-med  of  two  plates 
of  copper,  immersed  in  a  solution  of  sulphate  of  zinc.  [The 
charging  current  is  sent  through  the  Iwttery  from  the  upper 
to  the  lower  plate,  when  the  upper  plate  dissolves,  forming 
sulphate  of  coi>i)er,  which  floats  on  Ihe  suli)hate  of  zinc ;  me- 
tallic zinc  is  dejiosited  upon  the  lower  pUite.  The  batteiy 
when  charged  is  therefore  simply  a  gravity  l>nTiiel.  Af.  d'Ar- 
sonval  moililk'd  Ibis  by  using  for  one  electrode  lead  or  carbon 
covereil  with  h'ad  aliot,  and  for  the  other,  /.inc.]  Ah  soon  us 
attention  was  directed  l<i  these  batteries,  new  ones  sprang  up 
on  ail  sides,  such  as  those  of  MM.  d' Arson val,  Rousse,  Maiche, 
etc.  Evidently  secondary  batteries  are  destined  to  play  an 
ira|iortflnt  role  in  the  distribution  of  electricity  as  regulators ; 
but  we  must  observe  that  the  name  of  accumulat^irs  of  elec- 
tricity <loes  not  at  all  suit  them,  because  they  do  not  in  any 
sense  store  up  electric  rnrrenls.  That  which  they  do  store  up 
is  the  work  of  chemical  decomp<>Hition  Ix^tween  certain  sul)- 
stanceH  whns(3  recombination  gives  biiclt,  under  the  fitrm  of 
an  electric  current,  a  pjirt  of  this  work.  In  any  case  the 
attention  excited  by  Ihem  in  these  latter  days  will  not  bo 
useless;  it  will  IkuI,  doubtless,  to  new  combimilions  more 
powerful  and  more  advantageous. 

[Various  other  batteries  have  been  designed,  the  objects 
in  each  case  lieing  to  i^uce  the  weight  of  the  material  as 
much  as  possible  in  relation  to  its  storing  jiower,  and  increase 
the  efficiency.  In  the  cell  of  M,  de  Meritens  the  lend  plates 
are  constructed  of  thin,  overlapping  lamina?,  amiTige<i  in  a 
manner  similar  to  the  slats  of  Venetian  blinds.  In  the  Sellon- 
Volckmnr,  the  lend  plates  consist  of  a  latticework,  into  the 
open  spaces  of  which  the  rerl  oxide  is  forced,  this  construction 
giving  a  much  greater  amount  of  oxido  i>er  pound  of  lead 
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tliun  when  this  is  on  the  surfiice  merely.  M.  de  Kabath  has 
obtained  increased  .surface  by  the  use  of  coiTiigated  plates. 
A  number  of  patents  have  been  taken  out  by  Mr.  C.  F.  Bruah, 
wliose  are-laiiip  has  been  previously  descriliod,  on  improved 
modes  of  eanstnictinj;  the  plate-s  scf  as  to  render  them  more 
dumble  and  of  increased  storage  capacity.  Much  hi\s  been 
claimed  for  this  battery,  but,  as  it  has  not  been  subjcctM  to 
tests  by  unbiased  experts,  nothing  is  Itnown  of  its  perform- 
ance. A  form  of  battery,  chiimcd  by  i\»  inventor  U>  be  supe- 
riop  to  any  of  the  above,  has  been  designed  by  Mr.  Henry 
Sutton.  It  consists  of  a  positive  olrartnide  of  amid/^imutcKi 
lend  and  a  negative  one  of  copiwr,  immersed  in  a  sdhition  of 
sulphate  of  copper.  The  chemif-al  chun/^o  in  tliis  cell,  when 
a  current  is  .sent  throupli  it,  rrmsist  in  the  (combination  of  thn 
oxygen  of  the  decomposed  snUititm  witli  the  lead,  forming 
a  coating  of  the  inscdnble  peroxide,  and  the  replucwment  of 
tlie  copper  in  tho  solution  by  the  disongiig^'d  hydnigen,  the 
copper  being  deposiUMl  on  the  negtitive  plate.  In  discharg- 
ing, the  eopper  is  dissolveil  in  the  solution,  and  the  lea<l  plat« 
reduced,  the  ri'll  i-eturntug  to  its  original  cheniical  condition. 

Many  tests  of  the  efficiency  of  the  storage-battery  have 
been  made,  liut  the  «\sults  of  different  exi>erimentora  are  die- 
ccmhint.  Tests  of  the  Kaure,  at  the  ('(mscrvatoire  des  Arts  et 
MutierH,  showed  that  this  acenmuhitor  absorbed  forty  per 
cent  of  the  electiical  work  that  would  otherwise  have  been 
availabb'  in  the  lamps  (hrnugli  which  the  discharge  Wiis  made. 
Sir  William  Thomson  phtced  the  loss  at  twenty -live  jier  cent, 
while  Pi-ofessor  W.  E.  Ayrton  has  stated  that  it  need  not  ex- 
ceed eighteen  per  cent.  In  his  rejiort  on  the  Sellou-Volckmar 
battery,  Prof&ssor  Henry  Morttm  states  that  the  loss  does  not 
exceed  this  percentage  of  the  electrical  work  spent  in  charg- 
ing. He  found  that  one  cell,  weighing  eighty  pounds,  includ- 
ing that  of  the  box  and  liquid,  was  capable  of  yieliling  a  cur- 
rent of  32*5  ampdres  at  the  beginning,  and  3l*2amp6res  at  the 
close  of  a  continuous  discharge  for  nine  hours,  Thf  dectro- 
motivo  force  is  two  volts,  so  that  there  would  be  required  ten 
ponnds  of  battery  per  Edison  sixteen -can  die  lamp  for  each 
hour  of  burning ;  while  with  the  Faun;  battery,  examined  at 
the  Paris  Conservatoire,  more  than  double  this  weight  wouhl 
be  required. 

The  expectations  entertuined  at  the  time  of  Faure's  im- 
provement, of  the  value  of  the  secondary  battery  in  the  in- 
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dofitrial  appli<^ti(in»  of  electricity,  have  so  far  failed  of  realiza- 
tion. It  Ijuu  been  found  that  In  practical  oj}eFation  it  is  open 
to  many  objections.  The  first  cost  is  considerable,  it  pjeatly 
deteriorates  with  use,  ami  its  efficiency  is  low.  Despite  the 
claims  wlilch  liave  been  made  for  the  various  batteries  as  they 
were  brought  Ut  public  attention,  the  buttery  still  remains  a 
laboratory  apparatus,  in  which  much  impr(.)vement  must  be 
made  before  it  can  become  of  comniercial  utlh'ty.  Kor  a  thor- 
oughly satisfact^»ry  battery  there  is  doubtless  a  considerable 
field  of  tisefulness,  but  its  value  in  electric  lighting  has  been 
greatly  overestimated.  The  feasibility  of  operating  incan- 
descent lamps  directly  from  the  dynamo  is  no  longer  doubtful, 
and  the  employment  of  the  storage-battery  in  an  extended 
distribution  presents  no  a<lvantage,  while  it  is  certain  to  ma- 
terially onhance  the  cost  of  plant.] 
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If»  after  having  soldered  together  by  one  of  their  extremi- 
ties t^vo  bars  of  different  metals,  this  stildeiwl  part  is  heated. 
the  difTerence  of  the  efTtM^ta  produced  by  the  heat  iu  each  one 
of  theni  tiisstroya  Ihe  etiuilibriiim  of  the  electric  molecules 
which  they  (-<mtain;  and  when  tliH  two  free  extremilies  are 
reunittid  by  a  conductor,  a  cunvnt  is  jjrifduced,  going  from 
the  hcjLtiMl  |mrt  to  tiie  cold  part,  in  that  one  of  the  two  metals 
which  is  the  best  ccmdiictor,  (iually  traversing  the  whole  of 
the  exterior  circuit  and  nstiiniing  to  its  point  of  de|)artiire 
through  the  second  bar,  whitrb  it  passes  through  in  opposite 
dii-ection.  By  tliuH  soldering  in  :i  series,  side  by  side,  a  num- 
ber of  l>ars  diiTering  alternai*iiy,  and  arranged  so  that  the 
solderings  uf  the  even  row  can  be  heated  all  at  the  same  time, 
and  the  solderings  of  the  uneven  mw  can  be  at  the  same  time 
cooled,  a  current  will  be  obtained  whose  strength  will  increase 
with  the  number  of  solderings  and  the  difference  of  their 
temperatures.  Tlie  electro-motive  force,  due  to  these  effectfl, 
seems  above  all  to  depend  on  the  variations  in  electiical  con- 
ductivity, which  the  changes  of  temperature  produce  in  the 
metals  and  minerals  employed.    When  the  resistance  of  one 
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of  them  increases  with  the  heat  quicker  than  that  uf  the 
uther,  it  ends  by  producing  a  i"eversal  of  the  direction  oi  the 
current.  This  is  what  actually  hapiwns  with  iron-cupper  and 
silver-zinc  couples. 

Tliis  appamtiis  is  the  thenim-electric  pile,  invt-nlcil  in  1821 
by  Seebeck.  For  a  lon^  time  it  was  only  an  excellent  labora- 
tory appliance^  under  tlie  lorm  givfu  it  by  Nohili.  In  lbS?7 
the  elder  llecquerel,  to  whom  is  due  excellent  work  in  ihis 
branch,  had  fMnstructed  one  with  arlilioial  sulphide  of  copper 
and  (J'erman-silver ;  it  wa-s  c(iinp(»s(!d  of  sixty  elements,  ai- 
ninged  at  pleasure  in  one  sinple  iir  two  imiiillel  series.  The 
Holfhirin^  weit!  lusited  by  ^iis,  aud  Ihe  current  was  intense 
encuisb  to  redden  a  short  piece  of  tine  irtm  wiit*. 

Towani  1R7()  M.  Claniond  to(»k  up  a^aJu  the  study  of 
thernll^-elel^tl^^'  piles,  and,  after  having  coustriiclud  a  certain 
number  of  apparatus,  healed  by  yas,  which  gave  excellent  re- 
HulLi,  he  attempted  the  construction  of  more  poweiful  jtiles, 
designed  to  produce  the  electric  light.  Ho  seemed  to  have 
succeeded  ;  for  we  have  seen,  in  1879.  a  pile  arranged  like  a 
i-adiator,  about  two  meti-es  high  and  one  metre  In  diameter, 
Bujijdy  tw(»  lamps  with  Serriu  regulatora  (Fig.  1S3) ;  each 
lamp  gave  a  light  of  about  thirty  earcels,  and  the  expense  wan 
nine  to  ten  kilognirairn's  of  coke  per  hour.  We  do  n(tt  know 
why  these  ]ii]es  have  been  abandcnied,  as  they  did  not  api)ear 
ou  the  catalogue  of  the  Electrical  Exiubition  in  Paris  except 
as  a  latxii-atory  appai-atus. 

M.  Claniond  used  iron  for  the  electro-prwUive  plates,  and 
for  the  others  an  alloy  ciimjiosed  of  two  parts,  by  weight,  of 
antimony,  and.  one  ]«irt  of  zinc.  M<ihls.  very  well  aiTonged, 
admitted  of  a  large  numl^er  of  couples  being  miule  at  one 
casting,  which  by  that  operation  were  joined  in  tension,  and 
formed  a  flexible  i^hain  easily  arranged,  TTiese  chains  were 
compressed  between  two  frames,  tei-med  by  the  inventor  the 
collector  and  the  difFuser,  care  being  taken  to  isolate  them 
with  asbestus.  The  collector  was  composed  of  several  con- 
centric iron  cylinders  joined  together  by  ribs  running  length- 
wise, so  as  to  form  a  serie-'i  of  flues  Ijetween  the  cylindere  for 
the  circulation  of  the  warm  gases  frf»m  the  source  of  heat ;  it 
also  aeted  by  its  mass  as  a  regulator  of  the  temperature.  The 
diffnser  was  designed  to  facilitate  the  cooling,  and  for  that  pui-- 
pnse  was  formed  of  plates  of  copper,  presenting  a  large  sur- 
face for  radiation.    Thus  the  difference  of  temperatares,  and 
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cuQsequuQtIy  the  iateii»ily  of  the  currBnt-o,  could  he  kepi  ron- 

StUBt. 

Thermo-electric  piles  are  simple,  economical,  and  easy  of 
npplication.  The  cuiTent  is  very  constant,  hut  its  lensiuii  is 
slight.     As  yet,  expenmentfi  have  not  gone  £ar  enough  to  ad 
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mic  of  our  estimating  the  action  of  the  heat  on  the  duration  of 
the  couples.  Tlie  models  now  in  nse  generally  experience  a 
consideraVile  increase  of  internal  resistance,  duo  to  the  oxida- 
tion of  the  heated  wjlderings — an  oxidation  which  can,  never- 
theless, he  resisted  by  incloRinjj  them  in  a  metallic  capsule,  as 
in  the  thermo-electiic  pile  of  >'o6.  much  used  in  Anstria, 
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As  an  exjiniple  of  the  revei-^bility  of  electric  pfaenomezia 
it  may  he  reniaiked  that  the  inverse  effect  of  the  thenni>- 
electiic  pile  exists  in  Peltier's  experiment.  When  a  current 
passes  through  the  soldering  of  two  metnlR,  the  srilder  is 
Iieated  or  cooled,  aeeording  a*  the  current  is  directed  in  the 
reverse  dii-ection  or  in  the  sjime  direction  as  the  thermo- 
electric current  which  in  obtained  in  heating  this  nanie  sol- 
dering. 

Althoufrh  in  tlieae  piles  the  heat  disengaged  by  combus- 
tion is  iitUized  without  Intermediary  a^jpanittis,  it.  is  hut  \n- 
coniplett^ly  used,  and  the  warm  gsises  leave  the  appamtiis  at 
a  ronsidei-able  t*»mperatui^.  It  is  tnie  that  this  h«it  can  Im) 
utilized  to  a  I'CJ-tain  extent  by  making  the  pile  serve  both  fcir 
heating  and  lighting. 

Many  have  |hf}iight  of  utilizing,  in  a  mr)re  direct  fash- 
ion, the  combustion  of  carbon  by  collecting  the  electricity 
which  it  diwngagcs.  In  the  year  18.^5  Jf.  Bncquepcl  ob- 
Iaine«l  electric  cun-ent-s  with  a  pile  in  which  the  carbon  in 
combustion  i-epJuced  the  zinc  of  (mlinary  ijattcrie.'S  and  he 
trailed  the  currents  pf/^ro-flffctn'r,  tn  distinguish  thi'm  fnmi 
thi^rmo-elcctric  currents.  This  is  how  he  himself  describes 
his  experiment.:  "If  we  fasten  to  one  of  the  extremities  of 
lliR  wire  of  a  galvanometer  a  cniclble  of  platinum  filled  with 
uitnito  or  chlorate  of  jMitash  in  fusion,  and  if  we  attach  ro  the 
other  pxttvmity  a  ])ieoe  of  retort-carbon  whose  end  has  first 
beeii  brought  to  a  red  heat,  then,  on  plunging  this  incandes- 
cent carbon  into  the  bath  in  fusion,  an  energetic  electric  cur- 
r*'iit  is  obtained  Uowing  in  the  direction  that  would  make  the 
carbon  negative,  ami  the  nitrate  of  potflsh  positive.  This 
effect  is  iWe  to  the  vivid  combusrion  of  the  carbon  at  the  ex- 
j)ense  of  the  oxygen  of  the  bath  of  fused  nitrate.'' 

For  the  experiment  to  succwhI.  it  is  necessary  to  sustain 
the  piece  of  carbon  so  that  it  will  not  touch  the  walla  of  the 
crucible. 

In  1878  M.  Jablochkoff,  who  doubtless  feared  that  the 
complication  insepamble  from  machines  wouM  be  an  obsta- 
cle to  the  succes."*  of  his  candles,  thought  also  of  collecting 
directly  the  electricity  which  is  disengaged  in  combustion; 
probably  withoTit  knowing  it  he  repr<)diK'ed  the  experiment 
of  Bectjuerel.  He  melted  nitrate  of  soda  in  a  small  omcible 
of  cast-iron  ;  the  incandescent  carbon  dipiwd  into  this  bath  is 
burned  up  at  the  expense  of  the  oxygen  of  the  nitrate,  and 
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p]ay8  the  r6te  of  positive  electi-ode ;  the  rast-iron  is  not  at- 
r.irkt'd,  and  ivpreaents  tde  <-<mductc>r,  or  negative  electrode — 
that  is  to  say,  the  positive  pole  of  the  external  cii-cuit. 

In  his  "Treatise  <m  the  Electric  Pile,"  M.  Niaudet  judi- 
ciously remarks  the  rurioua  phenomenon  of  inversion  which 
this  experiment  pi-esents.  If,  instead  of  nitrate  of  soda  in 
fusion,  this  nitrate  is  used  in  solution  in  water  at  the  ordi- 
nary temperature,  the  same  electrodes  play  opposite  roles  j 
the  iron  is  attacked  and  liecomea.the  generator  electTode> 
while  the  carbon  will  t>e  the  conductor  electrode,  as  is  the 
case  in  all  the  batteries  where  we  have  seen  it  employed. 


CHAPTER  UL 


BL&OTBWAL  nfDlTOTlON. 

TnE  production  of  electric  currentfl  by  machines  reeta  npnn 
a  nutuber  of  discoveries,  which  we  shall  briefly  deficril)e,  to 
make  the  mode  of  o])eration  of  these  machines  understood. 
In  July,  1820,  CErstedt,  a  Danish  physicist,  observed  the  de- 
viation which  the  approach  of  a  magnet,  or  closed  circuit 
through  which  a  current  was  iJiiasing,  produced  upon  a  mag- 
netic needle.  The  analogy  between  magnetism  and  electricity 
woa  then  establitihed.  On  the  llth  of  September  next  fol- 
lowing, the  exiieriment  of  (Erstedt  was  repeated  before  the 
Academy  of  Sciences  by  M.  de  la  Rive,  and  some  days  »fti*r, 
on  the  20th  of  September,  Ampere  discovered  the  muliiat 
action  which  two  currents  exercised  upon  each  other ;  he  also 
proved  the  action  of  cun^ents  upon  mn;^etH  and  their  abso- 
lute rccipwjcity,  so  important  to  be  rflnsideriHi  in  all  tlie  ap|)U- 
eations  of  electricity.  On  the  25th  of  September  Anmo  dis- 
covered that  currt^nts  have  the  pR»]ierty  of  tmnsfoi-niing  a  l»ar 
of  iron  or  steel  into  a  magnot ;  he  invented  the  electro- inat^nei 
at  the  same  time  that  AmJ^^^fi  *?.stabliahed  the  theory  of  mag- 
netism, basing  it  upcm  the  analogous  pmperties  possessed  by 
magnets  and  solenoids.  Here  the  discoveries  of  reciprocity 
stopjied  short,  and  it  was  only  ten  years  later,  in  1830,  that 
Faraday  discovered  induHioji — that  ia  t«  say,  the  property 
possessed  by  magnets  of  causing  electric  currents  to  arise  In 
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n  metallir  cirt^Hit.  It  is,  abtive  aH,  l^»  the  use  mnxle  of  this  last 
and  niaf?ni(ir*Mit  diswivtry  that  I'lci'tririty  owv^  the  rxtraor- 
(liniiry  jiro^reHs  of  wliirh  the  Elertricu!  Kxhibition  in  Paris  in 
1S8I  fiirniKhcd  lis  siirh  %'ariiHj  pnKirs. 

The  tw(i  M>^iirc3H  anuexed  illusfru.l<f  flic  expcrimPTits,  t«-day 
chwsii',  whirli  Fjiraday  |)*irf(ii-nu*d,  liolh  with  a  nui^ct  and  a 
bobbin  of  roppcT  wire  t:nivt'rt«.'d  by  a  rmTt'nt. 

Wlirn  there  is  pinned  iuUi  a  bobbin  wound  with  a  Innj^, 
fine  win',  whose  roils  are  insiihited,  a  serond  smaller  bobbin, 
wonnd  with  a  short,  thick  wire,  and  traversed  by  !i  current 
(Fig.  134),  there  is  instantly  produred  in  the  wire  at  the  first 
bobbin  an  energetic  current,  going  in  the  (tpposite  direction  to 
that  of  the  snjiiU  bobbin :  it  is  calle<l  the  inri'nte  current;  this 
cuiTent  censes  wifb  the  movement,  and,  as  long  a.s  the  small 
bobbin,  idways  receiving  a  <.'urrent,  reniaius  immovable  in  ihe 
large  one,  no  tMirrent  is  produced  ;  bu(,  at  the  moment  it  is 
withdra^vn,  there  is  prodnce<l  in  the  wire  of  the  large  bobbin 
another  current,  this  time  in  the  siime  dii-ection  as  the  current 
of  the  small  one,  and  named  for  tliis  reason  ihe  direct  current. 


FtB,  IH. — ExperlnwDt  of  Kondajr  vitfa  two  bobbins. 

The  current  of  the  small  bobbin  is  cal3ed  the  inducing 
current ;  those  wliich  are  produced  in  the  large  bobbin  are 
called  indtwed  currents,  or  cnnents  of  induction.  By  exten- 
sion these  qnalities  are  often  applied  to  the  bobbinN  them- 
selves. The  intensity  of  the  induced  current  increases  with 
the  intensity  of  the  inducing  one  and  with  the  nipidity  of  the 
movement ;  it  diminishes  at  the  same  time  with  these. 
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If,  iimtend.  of  bringing  uearer  aud  drdwing  away  the  small 
bobbin,  it.  is  held  motionless  within  the  large  one,  only  ink'r- 
rupting  the  passage  of  the  current  through  it,  the  same  phe- 
nomena are  produced.  A  reverse  cunt'nt  is  im media t*^Iy 
started  in  the  wire  of  the  large  bobbin  at  the  moment  when 
the  inducing  current  is  started  in  the  wire  of  the  small  one  ; 
as  Houn  as  the  current  is  established,  and  ns  long  otn  thein- 
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Pn.  13S. — Experiment  of  Fmrtday  wftli  k  bobbin  and  maicnrt. 

dncing  current  continues  to  pass  thi-ough  the  wire,  it  will  pro- 
duce nu  induced  current ;  but  at  the  moment  when  the  in- 
ducing current  is  stopped,  a  direct  current  will  manifest  itself 
in  the  laige  bobbin.  We  will  see  below  how  each  of  these 
two  modes  of  induction  has  be«n  utilized. 

The  same  phenomena  are  produced  when  the  small  bobbin 
ia  replaced  by  a  magnetized  bar  (Fig.  1H5}.  either  when  the 
bar  is  displaced  under  the  same  conditions,  or  when  its  mag- 
neti74ition  is  miule  to  vai-y  by  the  a]>prouch  or  removal  of  a 
seccmd  magnet. 

The  phenomena  nf  induction,  as  well  as  those  of  electrical 
attraction  and  ii'pult^ion.  sh{>w  dearly  that  the  intluenr*;  of 
a  body  charged  wnth  elec;tricity  or  magnetism  extends  to  a 
considerable  <listaDre  around  it.  For  magnets  and  electro- 
magnets the  space  within  which  this  intlueuce  ran  l>e  per- 
ceived is  called  Ihe  iimffiie.tic  JieUl ;  by  analogy,  the  si>ac« 
under  the  intlueuce  of  a  current  is  called  the  galvanic 
field. 
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We  can  not  here  ent«r  npon  the  considemtion  of  the  hy- 
potheses by  whose  aid  the  action  of  this  inflnenco  is  explained. 
The  theory  of  particular  tliiids,  Ki>non»Uy  acccptt^d  formerly, 
is  to-day  abandoned,  and  it  is  nither  Injlieved.  tliat  cloctric 
and  magnetic  action  is  due  to  vibrations  or  movcmcnrs  in  ttiH 
layers  of  ether  whi<!h  exist  in  all  bodias,  and  by  which  they 
are  surrounded. 

If  the  caiiso  is  nnknnwn,  tht;  efftx-ts  ran  be  represented 
materiaUy  by  the  aid  of  thow^  curious  ligureB  wliich  AI.  de 
Ilaldat  has  named  magnetic  phantoms,  .and  which  are  ob- 
tained vrith  very  fine  iron  filings  spread  upon  a  piece  of  piper 
or  glass  pliiced  alwve  the  poles  of  a  magnet.  Tlic  magnotio 
force  orientates  these  tilings  in  a  series  of  lines  converging 
from  one  pole  to  the  other,  and  which  rei>el  each  <ither  when 
two  poles  of  the  same  uume  are  brought  together.  Tliese 
lines,  which  Faraday  has  name<l  Itn^tf  of  mag 7ii:tic  force,  are 
very  convenient  to  illustrate  the  effects  of  Induction  which 
accompany  the  movement  of  a  conducting  wire  through  a 
magnetic  field. 

Each  of  the  lines  of  fon;e  which  the  wire  Intersects  in  pass- 
ing starts  an  induced  current,  and  the  quantity  of  electricity 
developed  is  proportional  to  the  number  of  linos  intersected 
in  a  given  time.  Tlie  direction  of  the  movement  in  relation  to 
the  direction  of  the  lines  of  force  deteirmines  that  of  the  cur- 
rents. It  is  equally  u))parent,  on  inspection  of  these  magnetic 
phantoms,  that  the  density  of  the  lines  of  force  diminishes  in 
proportion  as  they  are  removed  from  the  ixiles,  and  it  is  thus 
manifest  why  it  is  so  impoitant  for  the  wire  U)  move  in  the 
densest  regions— that  is  to  say,  the  nearest  possible  to  the  in- 
ductors. The  farther  it  is  removed,  the  more  will  it  be  nece.s- 
sary  to  augment  the  velocity  of  displacement,  to  obtain  again 
the  same  intensity  of  induced  cuirent. 


RniMKOKFP^s  Con,. 

We  have  stten  that  induction  can  exert  itself  in  two  ways : 
1.  The  inducing  and  induced  current  circuits  are  immova- 
ble; the  induced  currtmts  are  produced,  either  by  variations 
in  the  intensity  of  the  inducing  cuiTent,  or  by  variations  in 
the  mugnetism  of  the  magnet. 

2.  Th«  intensity  of  the  inducing  current  and  the  magnet- 
ism of  the  muguut  are  invariable ;  the  iuducod  uurreuts  are 
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produced  by  the  relative  dbplacement  of  the  iuducing  or  in- 
duced circuit 

The  first  of  these  two  modes  of  induction  was  employed 
in  1842  by  MM.  Masson  and  Breguet  in  the  constniotion  of 
the  indiicdoU'Cuil  named  after  Ruhmkoifl,  in  memory  of  the 
ingenious  constriiclor  who  gave  it  such  high  power.  This  coU 
is  formed  of  two  cupper  wires,  perfectly  insulated,  wound  into 
coils,  one  on  top  of  or  beside  the  other.  One  wire,  short-  and 
thirk,  conducts  the  inducing  current,  to  which  a  small  special 
apparatiLS  eommunical^es  u  series  of  interruptions.  From  this 
a  succession  of  inverse  and  direct  induced  currents  results, 
whose  intensity  is  proportional  to  the  square  of  the  resistance 
of  the  wire  of  the  induced  circuit,  to  the  intensity  of  the  in- 
ducing current,  and  to  the  rapidity  of  the  interruptions.  Be- 
sides this,  the  coi]  contiiins  a  bundle  of  pieces  of  iron  wire, 
whose  successive  magnetizations  and  dema^etiaations,  due 
to  the  intrt^miptions  of  the  inducing  current,  inn-ease  to  a  con- 
sidemble  extent  the  intensity  of  the  induct  currents.  Pig. 
l.'iO  represents  one  of  tlie  models  adopted  for  demonstrations 
in  course-s  of  physics. 

Tlie  quantitiea  of  electricity  put  in  motion  in  esich  induced 
current  are  equal ;  but  the  direct  current  has  a  higher  tension. 
Tliis  foHows  from  the  variations  in  the  inducing  current  due 
fo  the  induction  it  exercises  upon  itself  In  it^f  own  circtdt. 
This  induction  of  an  intermittent  current  upon  Itself  is  veiy 
imi>ortant ;  it  is  exercised  every  time  a  circuit  is  formed  by  a 
coiled  wire,  whose  spires  approach  each  other,  and  causes  the 
production  in  the  same  wire  of  induced  currents,  called  extra 
cuirents. 

When  the  circuit  is  opened  an  extra  current  is  pi-oduced, 
which,  following  the  general  law  of  induction,  is  invci-se — that 
is  to  say,  the  reverse  of  the  principal  current,  whose  intensity 
it  diminishes.  \\Tien  the  cii-cuit  is  closed,  the  extra  current 
is  direct,  and  adds  itself  to  the  princii)al  cunent,  whose  in- 
tensity it  increases  and  whose  duration  it  prolongs.  It  in- 
creases the  power  of  the  spark  at  breaking,  but  at  the  same 
time  it  prolongs  the  duration  and  weakens  the  tension  of  the 
con-esponding  induced  current. 

To  overcome  the  effects  of  these  extra  cnrrents,  M.  FHzeau 
interposes  in  the  inducing  circuit  a  condenser  of  large  surface, 
in  which  the  electricity  of  the  extra  cnrrent  accumulates,  to 
subsequently  react  again  In  the  opposite  direction. 
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The  Kuhmkorff  coil  produces  very  powerful  c:»lorifip  ef- 
fects;  it  has  li:nl  wmie  pnirtirjil  applications  in  tin?  i^iition 
of  mines  anil  illiiniinution  by  nie:in.s  of  (:fci8,sli^r  tulws.  An 
attempt  liaN  al.s(7  l>een  matl^  l^i  utilize  it  for  lighting  by  meaoB 
of  in<'an<U'SC(nu'c'.  ami  we  must  recall  the  i-urioiis  iixperinn^ntrt 
niaUe  hy  M.  .lalilochkoff  in  1877  with  n  thin  plate  of  kaolin 
placed  between  the  extremities  of  the  secondary  wire  of  one 
of  these  coils.  The  surface  of  this  plate  was  kept  in  fasion 
by  the  |>assage  of  the  currents,  jind  gave  a  very  l)eivutiful 


-^   ^iiis 


|t-.> 


Fio.  IM.— Bulimliurff  vo'il. 
S,c<>11, 

r,  I"",  mntuM^IJfift  irin>a  of  the  iTiiltii'Int;  njrri'til. 

i,  revuniri)!  uomuiubtt>'r  o(  M.  Benin,  iiuraiitUu^  "i  a>iitivlliiif{  lliu  can»Elt> 
i,  )',  tenninsUof  t)io  imluonl  rirvutt. 
«.  a,  1,  a*,  iadudcg  current  cJrcuii  wirnt. 
8,  IttM)  Dontaining  1li« conduiuer,  kept  tniimorablodnvcrwhlvli  muv  In.-  <lrai>notU>  tuxord' 

iait  Ui  Ibo  cnncnc  reajuimL,  by  uuu'Ti-wini;  tlii^  Bcn-WK  n,  o'  unij  (iiilliD)^  it  out  n  1iK1c. 
H,  bundle  (rf  tifln  wire. 
E,  E',  vibrating  MnimuUtor  or  intamifiUr. 


light.  By  rarying  the  dispositions  and  sizes  of  the  coils,  as 
well  as  the  number  of  plates  ignited  by  each  of  thein,  lights 
of  different  intensities  can  be  obtained.  fn»m  a  half  careel  np 
to  two  carceK  M.  .Jabloclik<»flf  supplied  his  inductitin-coiis 
from  a  machine  with  alternating  currents.  s<»  that  he  could 
BuppHfss  in  f!acli  of  them  the  condenser  and  interi'iipter,  and 
poii.sc'ipieiilly  increa.se  considt'itibly  tliM  intensity  of  tlie  in- 
duced currents. 

Analogous  trials  have  been  recently  made  in  England,  fol- 
lowing out  the  experiments  made  by  Mr.  Sputtiswoode,  with 
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nn  inducHon-roil  excited  by  alternating  cnrrentrt  from  a  ma- 
cliine  of  M.  de  Meritens.  These  triala  apply,  above  all,  to 
processes  of  incandescence  which  retiiiii-e  a  current  of  con- 
siderable tension,  a  tension  which  can  hardly  l>e  derived  di- 
rectly from  the  machine.  The  Riihmkorff  coil  is  really  an 
apparaln^for  transformsUion ;  though  it  orrlinaiily  is  only  era- 
ployed  to  transform  dynamic  into  static  electricity,  it  can 
also  effect  the  opposite  transformation,  as  M.  Hichat  has 
shown,  in  passing  into  the  tine  wire  of  the  coil  a  series  of 
sparks  wliich  «nir*i*d  in  the  large  wire  alternate  induc**d  cur- 
rents, producing  elTecta  analogous  to  (hose  of  batterj'  currents. 

The  induction-coi!  with  wliich  Mr.  Spottiswoodt-  m:ide  his 
exijeriments  in  tht*  largest  tliat  has  ever  Ijeen  conslnu-te<l.  Its 
l^ital  weiglit  is7<J2  kilogi-amnies.  its  length  1-T2  metres,  ami  its 
external  Uiau»eter  ■.'>()«  metre.  The  primary  mre  is  2i  milli- 
meli-es  in  diameter,  and  445  metres  long.  TU»*  sectrndary  coil 
is  wound  with  no  less  than  4i>8  kihimetres  of  fine  wire,  mak- 
ing 341. 8rri)  turns,  di\ided  into  several  bubbins  in  juxtaposi- 
tion, according  to  the  system  of  M.  PoggendoifF. 

VV^ith  '-M)  quart  cells  of  Grove's  battery,  it  gives  sparks  1  -08 
metivM  (42A  inches)  in  length.  With  currents  from  the  .Meri- 
tens machine,  the  spark  fonua  a  true  voltaic  arc  of  15  to  20 
centimetres'  length. 


CHAPTER  IV. 


TUgORKTJCAL  PHIXCJPIBS  OF  UACnifies. 


Thk  second  mixleof  induction — that  which  results  from 
the  relative  displacement  iif  the  inducing  or  induced  circuit — 
has  been  much  more  fertile  of  application  ;  upon  if  depend 
th**  construction  and  working  of  machines  destined  for  the 
pr(Miu<;tion  of  dynamic  electricity.  Although  presenting  a 
gri'at  variety  of  forms,  these  machines  all  contain  the  same 
two  elements— the  inducing  and  induced  cin-uits — n'jK'jited  n 
sufficient  number  of  times;  one  of  the  two,  generally  the  in- 
duced circuit,  has  imparled  to  it  a  %'en,' rapid  movement  of 
rotatitm  in  the  magnetic  Held  of  the  inductf)r,  and  it  is  the 
mechanical  work  expended  in  moving  it  that  is  transformed 
info  elwrtricity. 
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The  rtirmer  fri<;ti<mai  m!u;hmB.s  ulao  tranMlnrmed  mecshaui- 
<qM  work  :  hut  they  (tiily  servej  to  multiply  uharges  of  static 
'dectricity— that  is  to  say,  to  raise  the  ix^tential  nl  the  two 
ends  of  an  open  circuit,  and  not  to  niHiutam  a  continual  How 
of  dynamic  eUwtricity  in  a  closed  clrcuir. 

At  first  the  inductors  were  composed  of  jjermanent  mag- 
nets ;  as  the  ])ower  of  these  magnotA  is  limited,  and  as  their 
weighr  and  dimensions  incroiuso  in  f^ivater  proyjortion  than  the 
power,  to  increase  the  power  of  these  machines,  electro-nuij;- 
nets  were  employed  in  which  an  electric  ciiiTent  develops  an 
enormously  RTeatcr  amount  of  magnetism  than  a  permanent 
magnet  of  the  same  dimensions  couki  contain.  According 
to  this  difference  in  the  inductors,  the  machine-s  are  ranged 
in  two  categones :  mnffjieto-eleritrlc  machines,  in  which  the 
inductors  are  permanent  magnets;  and  dyiiaino-elcctrw,  in 
which  electro-magnets  are  the  inductors. 

This  classiiieation,  which  is  sanctioned  l)y  usage,  is  inexact, 
because  m;ignetism  and  motion  play  the  same  r&lc  in  both 
classes,  and  because  there  is  no  magneto-electric  machine 
which  may  not  become  dynamo- electric  by  the  simple  change 
of  inductors,  and  vice  versa. 

In  the  first  machines  of  the  dynamo-electric  type,  the  cur- 
rent necessary  to  produce  and  sustain  the  magnetism  of  the 
inductors  was  furnished  by  a  small  auxiliary  magneto-electric 
machine.  This  was  the  firat  application  of  exciting-machines. 
The  system  was  soon  simplified  by  the  nae  of  two  separate 
circuits,  the  current  in  one  of  which  excited  the  field  mag- 
nets, while  that  in  the  other  performed  the  external  work. 
Eventually  a  thiixi  arrangement,  yet  more  simi>le,  wasi^eached: 
the  entire  production  of  the  machine  was  reduced  to  a  single 
ciurent,  which  was  made  to  pass  in  its  entirety  through  the 
field  coils  before  passing  into  the  external  circuit ;  this  last 
arrangement,  generally  adopted  at  the  present  day,  gives  us 
without  complication  the  maximum  magnetic  power  and  the 
maximum  intensity  of  current  that  can  be  derived  from  the 
organs  of  a  macliine  of  given  dimensions ;  it  has,  however, 
the  inconvenience  ol  making  the  work  of  the  machine  in* 
ve'  -^rtional  to  the  variations  in  external  resistance; 

^  es,   the  intensity  of  the  current  dijuiuishes, 

the  indncmg  magnets,  while,  as  a  mie,  the 
When  the  external  tfeSYsAaxvcft  dimin- 
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magnets  incivases ;  fnmi  this  i-esiiltw  a  useless  exjH'niJitiu'e  of 
work,  and  oFl^-n  a  iirndiiction  of  hont  diintrepoiis  To  thi-  stnict- 
ui-e  of  till!  iiiiirliiiif.  To  overpitnie  iIum  trouble  it  siiffiffrs  to 
send  aniiind  the  nia^nct.sariinvnt  Hhiintwl  fr<)m  thv.  principal 
one,  rtKliirin^,  of  course,  (lie  rliic^kni's-s  of  tln'  wire  with  wliirli 
tliey  iu-e  wound.  The  nilulion  in  then  reversed.  If  the  ox- 
teiiial  PBHistanre  ini-irHiises,  the  derived  iiirrBnt  inowaaes  also, 
and.  JiIonfT  willi  it,  tliP  excilution  of  the  imlucing  nio^nctj^ 
and  inlennity  (d  the  current  pimhiced.  If  this  exterior  re- 
sistance dimiui.sheH,  the  derive<i  (Mirrent  altw)  grows  weaker, 
and  the  work  absorbed  is  nvlueed  in  proportion.  It  only  re- 
mains ntH^esHury  to  sei^  that  the  mufhine  does  not  work  ^rith 
an  open  outer  circuit ;  for  then  the  shunt  circTiit  would  alone 
remain  closed,  and  work  woidd  be  uselessly  expended. 
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fia.  m.— M<i4fDvbi-«lcolm  mochioc. 


f N).  189.— B«f«ntely  fixoiW  <lxiui»o. 


[The  four  ways  in  wkich  the  magnetism  of  the  field  of  a 
machine  may  be  maintained  are  shown  in  Figs.  1^8,  i:J9, 140, 
and  141.*  The  magneto  macliine,  with  a  field  formed  of  per- 
manent magnetts  is  shown  in  Fig.  V,iH,  and  the  dynamo,  with 

*  Kroiii  the  journal  of  tlie  SocWly  of  Art«. 
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ite  field  magat^ts  excited  from  an  extenml  source,  in  Fig.  13M. 
It  will  lie  Huen  that  in  both  of  these  cases  the  maj;2:neti2atiun 
of  thf  Jield  IH  in(Ii*])einii:'nt  of  the  t'urrent  llowiug  throii^li  the 
working  finMiiti  whicli  is  not  the  va-m  in  the  two  it-niiiiuing 
forniK,  in  which  a  whole  or  part  of  the  current  genemted  hy 


.r-x. 


MAIN  CIRCUIT 
Fio.  140.— l^ofkn  dynoiDo. 


V 


F».  UL— Sbnnt  dynamo. 


the  machine  is  used  to  excite  the  fiehl  magnets.  The  type 
of  dynamo  in  which  the  whole  current  of  the  nmchine  passes 
through  the  tield-magnet  coils  is  represented  in  Fig.  140.  It  is 
known  as  the  "series  dynamo,"  and  until  recently  was  almost 
exnluaively  employed  in  Jirc-lijfhtinp.  The  dynanm  in  which 
but  a  portion  of  the  current  Ls  used  lo  energize  the  field  mnjt;- 
nets,  termed  the  "•shunt  dynamo,"  is  shown  in  Fig.  141. 
Evidently  in  Uith  of  these  tyjtes  of  machine  the  wtrenKth 
of  Ihe  magnetic  lield  will  depend  upcm  the  ivsistauce  in  the 
working  cii-cuit,  since  the  mugnetizution  de]}ends  upim  the 
strength  of  the  ciuTent  cir<'ulatiug  in  the  held  coils.  Various 
melluKh*  have  been  devised  for  keeping  the  strength  of  the 
mnguetic  tield  in  the  proper  relatiim  to  the  external  cinMiit^ 
which  will  be  found  destrribed  in  Book  V. 
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The  two  different  methods  of  arranging  electric  lamps  upon 
a  circuit,  "in  series"  or  -'in  multiple  arc,"  often  spoken  of  as 
*'in  derivation,"  are  also  sliow-n  in  Figs.  14<)  and  141.    In  th^ 
series  method,  nsed  exclusively  with  arc-lam]>s  and  with  openlf 
air  incandescent  lamps,  the  lamps  are  strung  one  after  anollier 
upon  the  same  circuit.    Tliis  is  shown  in  tig.  14u.     Whea^ 
placed  in  multiple  arc,  the  method  always  adopted  vr\th  iB^ 
candescent  lamps,  the  lamps  an^  pInoe<l  across  the  circuit,  as 
shown  in  Pig.  141,  so  that  one  tenuinal  is  connected  with  the 
outgoing  and  the  other  with  the  retura  wire.   In  the  series  sys- 
tem the  strength  of  the  cuiTent  is  evidently  the  same,  what- 
ever the  number  of  lamps,  but  the  electro-motive  must  vaiy^ 
witli  them.    In  the  multiple-arc  system,  on  the  contrar>'.  th* 
electro-motive  force  should  remain  constant,  and  the  sti-engtl 
of  the  current  Iw  in  pitiportiim  to  the  number  of  lauii»s.] 

We  see  now  that  in  this  disposition  of  parts  tiie  inducix 
electrci-magni'ts  are  excited  by  (he  piissnge  of  cuiTonts  which" 
they  tlieniselve-s  induce.     As  the  magnetization  of  the  iron  by_ 
these  currents  is  only  t<^mporary,  the  magnetism  of  the  iaS 
ducing  magnets  di.siippeni-s  !is  soon  as  the  machine  stops, 
and  tlie  question  arises  as  to  what  produces  the  induction 
when  the  machine  is  started  again.     Tliis  induction  is  simply 
produced  by  the  traces  of  magnetism,  extremely  feel)le,  it  is 
true,  which  the  iron,  soft  as  it  may  be,  is  certmn  to  presene 
after  it  has  been  once  magnetixed,  and  which  is  called  resitlual 
magnetism.     It  is  this  residual  magnetisTit,  whicli  Is  so  hard 
to  avoid  in  telegraphic  apparatus,  (hat  bet^umes  a  moat  valu-_ 
able  auKiUary  fur  charging  the  machine.  fl 

\Vlien  ihe  machine  srarls,  (his  trace  nf  magnetism  starts  at 
once  an  imperceptible  induced  current;  this  cunent  passing 
into  Ihe  coils  of  the  inducing  nmgnets  increases  u  Httle  ihelr 
magnetism  :  at  the  second  turn  the  current  is  a  lirile  stronger, 
and  the  magnetism  incivases  a  little  more  ;  the  power  of  the 
inducing  magnets  thus  successively  inci-eases  until  ttiey  are 
aatunited.  Residual  magnetism  genendly  exists  even  in  new 
machines,  and  is  attril>uted  either  to  the  operations  which 
the  inducing  magnets  go  through  in  the  process  of  construc- 
tion, or  to  the  influence  of  terrestrial  magnetism.  It  is  i-.irely 
necessary  to  charge  a  machine  l)efore  starting  it,  and,  at  the— 
most^  a  short  application  of  a  battery -current  suffices.  f 

The  armature  coils  are  generally  wfuind  «ith  a  wire  or  ri!>- 
bon  of  copper,  whose  length  and  section  are  determined  by. 
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the  tension  which  the  cnrrent  Is  to  possess.  The  sti-ength  of 
the  field  iind  The  speed  being  constant,  the  tension  of  the  in- 
ducef.1  currents  increases  with  the  resistance  of  the  \rire,  but 
only  of  that  part  of  the  wii*e  that  is  active  and  contributes  to 
the  production  of  the  currents ;  the  resistance  of  the  inactive 
portion,  although  inevitable,  has  nothing  to  do  with  the  ten- 
sion to  l>e  tinally  produced.*  We  must  further  observe  that  the 
co-fffflcient  of  resistance  of  copper  is  not  the  only  factor  to  l»e 
taken  into  account,  because  the  winding  of  the  wire  causes 
the  wires  that  are  close  together  to  react  upon  each  other,  in 
proportion  to  the  intensity  of  the  currents  that  successively 
traverse  them  ;  it  follows  that  the  real  resistance  of  a  coil  is 
much  greater  than  the  theoretical  resistance  calculated  for 
the  same  length  of  uncoiled  copper  wire.  Thiut  it  appeai-s 
that  it  is  possible  with  the  same  parts,  by  the  mere  diiference 
of  dimensions  of  the  armature  coil,  to  ju-oduce  from  machines 
currents  of  tension  or  of  quantity. 

The  copper  used  should  be  as  pure  ns  possible,  because 
its  conductivity  is  rapidly  diminished  by  the  presence  of 
foreign  IkmIiph;  iron  being  a  much  inferior  conductor,  more 
of  it  must  Ih?  employed,  and  the  weight  of  the  moving  jiarts 
of  the  machine  increased  ;  it  also  is  susceptible  of  magnetiza- 
tion, and  the  mass  of  metal,  foi-nied  by  the  coils  of  iron  wire, 
would  react  npon  the  cores  and  weaken  theii'  magnetism. 

The  annature  coils  are  generally  wound  in  the  fonii  of 
helices  or  bobbins,  upon  one  or  more  soft-iron  cores  which 
support  them.  The  alternations  of  magnetization  and  demag- 
netization which  these  cores  experience  on  account  of  their 
movements  in  front  of  the  inducing  magnets,  give  a  new 
electro-motive  force,  which  further  increases  the  charge  of 
magnetism  pmdnced  by  each  formation  of  current  in  the 
helices.  Unfortunately,  tlie  influence  of  the  inductors  ia 
not  limited  to  mtxlifying  the  magnetic  state  of  the  cores ; 
it  causes  at  the  same  time  the  pn)duction  of  induced  cur- 
rents wliich  bilng  about  the  production  of  heat  and  increased 


*  [ResintADCf  In  aay  port  of  the  circait  doos  not  tontribute  to  tlie  tension  of 
tile  loduceJ  curroDt.  TIiih  tli>pL>nd)i  upon  rliv  nuiubor  uf  Uuve  ot  lorco  cut  p^r 
soroDiI  \iy  lilts  roCAting  conflnctor.  Thu  total  elcclromolivo  foroo  gctiprntcci  will 
be  tho  auni  of  those  net  np  in  odcli  lum  of  wire;  Iictir*,  for  iJif  prodoction  of 
cnrrenU  of  liigli  ti-n»ion,  mnny  turns  of  wire  ve  nocoasarv.  wLich  increaM>n  tli« 
reBistunce.  In  order  to  brintt  nil  parU  of  tlic  coll  willjlii  thu  inOuctii-*:  influence 
of  the  field,  finer  wiru  tiiue>t  l>o  used,  further  iacreobiiig  the  resifltaBcc.] 
id 
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resistanco  to  movt*ment.  Faraday  proved  the  existence  of 
these  piiiTcnta  by  rt* versing  the  exiierimeiit  of  Barlmv's  wheel. 
The  ajtpfirutus  nf  Furjidiiy  (^Fig.  14'2)  suffices,  on  the  other 
hand,  to  dt;nninstr.ite  the  two  inveree  notions  of  ma^ets 
on  Piirrcntf*,  jiiul  the  iiidiiction  pivitiiired  by  those  ciiirents. 
Faratiiiy's  iiiinnratiis  was  the  lirnt  machine  and  the  first  mag- 
neto-ele(!triK  motor.  The  jtaraHitical  currents  of  electricity 
a\-^  ofton  ralh'tl  Fouwiult  ourreuts.  because  it  is  to  this  phys- 
iubt  that  thn  apparatus  is  due  wliLch  serves  to  deunmatrate^ 
the  tmnafojTJiatiou  into  lieat  of  the  work  which  they  repi 
sent.    To  reduce  aa  fur  aa  possible  the  formation  of  theai 

A,  indiiring  magnet. 

B,  lf!uJiii|;-K.'rt:w  for  untiy  of 
csit  of  cuiTcnU  by  tlio  laHa 
of  tlHl  cliik. 

C,  bind! nj*- screw  untl^ctins 
wllh  R  rulilior  m,  for  eo- 
iniiicn  or  cvit  Pf  currwit* 
hf  ihfl  oJttcrinr  rirvuialcr- 
raw  of  tbe  (link. 

ir  till)  ^vnnonietcr  is 
pbcod  botweon  ilit  temil- 
DcIm  at  a.  It',  and  tita  dwk 
u  tumod  bjr  band,  tho  cs- 
btcnoo  of  a  cinitiuuoiw  our- 
rtiit  viU  bo  abuwn,  wluwe 
ilirvctlon  depends  on  tho 
dlrDctloii  ol'  the  ratolloti  of 

tlkO  tiuk. 


Sia.  Hi.—Ftmdny'n  tpfmnm*. 


irtbo  iriLlviiuaLncicr  i«  rcpkcod  b^  a  BuBseo  ecll,  It?  lenninols  being  o^oncctcd  to  tfaa 
biu>liiiK-*u[voi>  B,  B',  Uio  disk  bu^na  to  tunt,  and  tba  dvnvlinn  of  mtalinn  dopi-nda  on 
tha  diivction  of  tbc  oiinCDt  jibmIbk  tbrDU({b  tUe  <lUk.  To  shoiv  tiie  tmaafarnMiun  Into 
h«iii,  ■  voir  pnwurful  ningiM  Is  tie«de<],  ftod  a  vurj  ra|^  iuuUdd  of  thu  dialc.  (Foo- 
Ottolt'*  and  M.  Lo  Raux'»  ftppuratuti). 

currents,  Hie  core-s  are  construetod  of  .sheot-iron  or  of  iron 
wire;  in  some  recent  marliinps  tliey  are  entirely  stipprt-ssed  ; 
in  these  tlie  bobluns  ans  suiiported  by  standanls  of  wood  or 
other  non-ma^etio  and  uon-wmtlurtinj?  miiterial. 

The  wires  ustul  in  the  niarhinos  stmuhl  lie  more  perfectly 
insulated,  as  the  tension  of  the  eurrent^s  is  /greater.  Silk  cov- 
erings are  excellent ;  but,  aa  they  cost  too  much,  cotton  is 
used,  and  the  insulation  is  made  complete  by  means  of  a 
coating  composed  of  bitumen  of  Judea,  dissolved  in  turpen- 
tine. A  little  wax  and  resin  is  aonieliraes  added.  Some  ma- 
chines owe  a  part  of  their  superiority  to  the  extreme  care 
exercised  in  insulating  all  their  parts. 
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The  aiTangement  of  the  sinimtiire  <'oil8  with  reference  ti) 
the  fiehl  magnets  has  given  rise  to  many  roiubinations,  which 
cau  Jje  groiil>ed  under  ffMir  principal  classes  : 

1.  Machines  iu  which  the  axes  uf  the  bobbins  are  parallel 
to  the  axis  of  rotation  (Clarke,  Alliance,  Holmes,  Niuudet, 
Wallace,  etc.). 

2.  Those  in  which  the  axis  of  the  single  bobbin  is  perpen- 
dicular to  the  axis  of  rotation  (Siemens,  Wilde,  Ladd). 

3.  Those  in  which  the  axes  of  the  Ijobliins  form  a  circle 
concentric  with  the  axis  of  rotation  (Gramme,  Ueffner,  Yon 
Alteneck,  De  Meritens,  Brush,  Schnckert,  Bnrgin,  etc.). 

4.  Those  in  which  the  bobbins  have  their  axes  radiating 
from  the  axis  of  rotation  (Ltmiini.* 

It  may  here  be  stated  that  it  is  the  third  type  of  machine 
that  seems  lo  utilize  most  perfectly  the  magnetic  power  of  the 
field  magnets. 

The  inst-nntaneons  cnrrents  produced  in  the  induced  bob- 
bins are  of  opposite  direction,  as  rlic  niovemenr  always  in- 
clndes  a  pcrirKl  of  approach  to,  and  depiirtnn>  from,  the  field 
mii^ota.  Tliese  t\**o  directions  are  thcm.scU'cs  n'versf^d  ac- 
cording to  the  nature  of  the  pole  l>eforti  whicli  (he  movement 
litkcH  place  :  thus,  the  approach  to  a  north  pole,  and  the  de- 
parture from  a  south  pole,  give  cun-ents  of  certjiin  directions  ; 

•(Th«  common  clnssiBcation  of  aniiAtiirea,accordioiztotljcirfijnn,  'tt:  1,di»k 
nrinittii rvs :  2,  ring  nriuattir<.-8 ;  9,  clriitu  aroiuluri^a;  4.  polur  urmattin-s.  In  lliv 
auttiim'  cliwsilieatlun,  iho  riag  iind  drum  nrmiiLiirvs  are  Kroapi'd  u■p^■lllc■r  umlcr 
8 ;  CIasn  1  refers  to  dUk  armntiircn ;  2,  to  the  don  tile  T-armature  uf  Sicracne;  and 
4,  to  jiulAr  itrmuti]rL'«. 

Ou  tliv  tiii»i8  or  tliv  rcUtion  of  ttio  magnetic  field  to  l\\t>  nionng  nnilg,  ProfeM* 
sorSjrlvanu.t  K  Thompson  baa  divided  d.vnamos  into  the  thr^e  follovring  closaos: 

Clask  I. — '•  D,vniLmoB  in  wliich  tlii-rc  in  rotnliuu  of  u  loil or  cvWa  iu  a  uuiform 
field  offorct." 

MncluDef  of  thU  cIrnji  arc  all  cotjtinnQ(i«-«itrrent  machlDe*,  snd  their  nmift- 
turi»  are  iisnulLy  of  <>)thcr  tlii>  rint;  or  dnim  furm. 

Cr.k«H  n. — "  PynAino^  in  wliich  (hi>ro  1*  Irnnslntion  of  culls  to  different  parts 
of  a  ftoinpl^x  field  of  vnrvin^  ntri-riith,  or  of  0[i|>n»it6  nin>-  M«at,  but  li.v  no 
meanK  nil,  of  Iho  mnchinp*  of  this  cIiim  furnish  ■It^mnl^  rnrr«nt«," 

Clau  [II. — "  Dvnaiu'jc  havins  n  conductor  rolutiuu  iso  aa  to  produce  a  «oD' 
tiauons  iticrfiuic  in  the  nnmher  of  lineH  of  farce  nu,  hy  iho  device  of  ididinir  ono 
pnrt  cf  the  condiirtor  on  or  ronnd  tho  mnj^nct,  or  on  some  other  part  of  the  lir- 
ouit," 

Furaday'p  disk  cmchino  ia  an  example  of  n  machine  of  thU  claw.  The  first 
tvo  rlflMes  cotnpriM!  all  llio  dynamos  whirh  have  onmrat^rciBl  ralae  aa  g«nora- 
ton,  the  remaining  claae  Winj;  aDimpartant  from  this  point  of  view.] 
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the  approach  to  a  south  polo,  and  (le]nirtiim  from  a  north 
pole,  pive  oiirrent-s  of  tho  oppf>site  directions  to  thoso  of  tho 
pi-prcding  (nirreuts. 

These  niiTcnts  are  ciollecfed  just  as  thuy  are  i)n>dnoRrl,  by 
the  nid  of  metiU  rings,  wnin^  as  intcnnefiiaricH  l>e(wHt?n  tho 
rotating  <^irrint  and  the  extivniitii's  uf  iIk?  statiuuary  out- 
er circuity  wliirli  are  fixed.  These  rings  are  of  brass,  and  ■ 
fastened,  with  proper  insuliilion,  upon  the  shaft  of  the  ma- 
chine in  the  niovtiiueut  of  which  they  partake;  they  are 
each  connected  with  one  of  (he  extremities  of  the  moving  cir-  ■ 
cnit,  and  convey  tlie  cun'ents  to  the  outer  circuit  by  meano 
of  nielullic  rtibbei-s,  the  pi'essare  of  which  is  regulated  by 
springs.  Tliis  is  the  arrangemeut  adopted  for  alternating- 
current  machines  in  which  the  annnture  is  movable.  In  ma- 
chines powerful  euongh  to  have  the  coOs  of  their  onnatures 
divided  into  several  gixraps,  each  giving  a  ntilizable  cun'ent, 
there  must  be  as  many  pairs  of  rings  as  there  are  distinct  cir- 
cuits. 

We  shall  see,  further  on,  that  in  some  recent  machines, 
with  alternating  currents,  this  order  of  paita  has  l>een  ro- 
rersed — the  inducers  or  field  magnets  moving,  and  tho  in- 
duced circuits  being  stationary  ;  these  last  are  then  connected 
directly  with  the  field  magnets,  and  there  is  only  one  pair  of 
rings  for  the  entrance  and  exit  of  the  magnetizing  current. 

It  will  be  underetood  that  in  most  applications  of  elec- 
tricity alternating  currents  can  not  be  nsed,  because  the  work 
perfoiined  while  the  current  passes  in  one  dii-ection  will  be 
destroyed  by  the  next  current  which  passes  in  the  opposite 
direction.  Tlius  they  can.  only  be  used  in  the  production  of 
the  electric  light,  whei-e  they  have  the  advantage  of  causing 
equal  consumption  of  the  carbon  electrodes,  and  we  have 
seen  that  this  condition  is  indispensable  for  parallel  carbon- 
baraers  or  for  ele<'tric  candles. 

For  alJ  other  applications  it  is  indisjwn sable  to  render  the 
currents  conlinutnia — that  is  to  say,  to  collf^cl  them — so  that 
they  shall  succeed  each  other  in  the  same  direction  ;  thus 
there  is  attained  a  curi-ent,  which  itsilly  is  not  continuous, 
like  a  battery-current,  but  which  is  almost  the  same  thing, 
and  produces  the  same  effects,  on  account  of  the  rapid  suc- 
cession of  the  partial  currents  which  make  it  up.  and  which 
may  be  as  many  as  lifty  to  sixty  thousand  in  a  single  minute. 
These  cotttintious  curi'euts  are  also  used  for  the  electiio  li^ht 
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with  advantji^ ;  tho  plant  is  more  simplp,  the  muchines  do 
not  pnxluce  the  hissin*^  which  is  telephonii'ully  tmnsmitti^d 
t»  the  lamps,  and  wliow;  inconvi'uieiiro  we  have  already  spoken 
of.  These  same  currenlH  ai-e  preferable  fur  «iien-uir  incan- 
descent lamps,  and  are  used  exclusively  for  vacuum  incandes- 
cent himps. 

In  tlie  early  machines,  such  as  those  of  Clarke,  whose  hob- 
bins  are  wound  in  opposite  directions,  and  in  machines  whose 
indaced  cinuiit  is  formed  of  a  Siemens  araialiire  (Siemens, 
Ladd,  Wilde),  there  arc  only  two  changes  of  dii-wtion  of  the 
currents,  and,  to  effect  these,  a  very  simple  mechanism  snf- 
ftces,  called  a  omnvnilalor.  It  is  a  fernlo  of  ivory,  on  which 
are  fast<med  two  half-fernles  of  cftpper,  insulated,  and  nf- 
taohed  each  one  to  the  esctremitios  of  the  moving  circuit ; 
they  turn  with  it,  and,  at  each  reversal  of  tlie  current^  bring 
the  terminals  of  this  circuit  before  the  corresponding  tenui- 
nals  of  the  exterior  cii*cuit,  terminating  for  this  purpose  in 
t\vo  nibbers. 

As  soon  as  the  nnmber  of  armature  coils  was  increased  so 
as  to  increase  the  power  of  the  machine,  the  old  commntator 
became  insufficient.  The  commutator-plates  needed  to  lie  in- 
creased in  number,  and  it  became  the  colhctor*  used  univer- 
snlly  to-day. 

To  understand  how  this  commutator  can  gather  the  cur- 
rents and  give  them  uU  the  same  direction,  we  must  examine 
the  action  which  takes  place  in  an  induced  coil  in  movement. 
To  make  this  examination  easier,  we  shall  represent  the  ma- 
chine by  diagi-ametricjd  figures,  and  shall  employ  the  signs  -f 
and  —  to  indicate  the  polarity  of  the  inductors  and  the  direc- 
tion of  the  currents. 

Let  ns  consider,  first,  a  copjwr  wire  wound  upon  a  dnim 
tnming  between  the  poles  of  an  electro-ma^et :  every  time 
that  the  parts  of  n  wire  situated  at  the  extremity  of  the  same 
diametrical  plane  pass  l»efore  the  poles,  induction  will  cause 
currents  of  opposite  direction  to  be  started,  this  direction  de- 
l>ending  on  the  nature  of  the  pole  and  direction  of  the  move- 

"  [Tiip  distinction  itiMflo  hy  the  authors  i^  not  ohservoil  in  EorHbIi.  Tlie  Dome 
tommuUitor  itKivcQ  to  l\iv  (IbvIl'u  liy  whiL-li  ihu  mofUM-ivu  oppuwd  currents  wo 
dlroi^tiKt  so  OB  to  fullov  one  nnotlier  rontiniiotiHly  in  tho  tiircnit,  irrpjippctivo  of 
wbcthor  it  haji  few  or  many  platfS.  Tlie  wonl  oolltftor  la  uaed  only  to  denote 
the  KJinilw  portioQ  of  uu  lUtuniutuitf-currvut  maoliine,  by  which  ttm  currcute  «nj 
fimply  GoUeclod.J 
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mont,  und  it  is  in  tlio  plane  passing  through  the  pnlesand 
throiigU  the  uxis  of  rotation  that  tlm  artion  will  be  most 
WHirgeliti;  it  is  (here  that  tlif  li tics  of  forr*' rut  hy  t ho  wires 
urH  the  most  nuraewms.  But  as  the  wiivs  form  jiart  of  a  dr- 
ciiit,  the  (lirt'ction  of  thii  winding  of  this  wire,  referred  to  the 
iudiictoi-H  before  which  it  moves,  must  be  taken  into  account: 
if  it  presents  itself  in  one  relaticm  in  appi-oarliing  the  ]>ules, 
it  will  Imve  the  opp<jsite  relation  in  leaving  them  ;  it  is  as  if 
the  winding  of  the  lirst  ]>eri4JtI  luul  been  revei-sed  for  tlie 
second  ;  it  follows  that  in  tlus  last  period  the  current^  which 
In  an  insulated  wire  should  be  of  the  opposite  direction,  ac- 
coi-ding  to  Karailay's  law,  l>ecomea  redirected  as  far  as  this 
branch  of  the  helix  is  conceraed,  and  takes  the  same  direction 
as  that  given  during  the  first  period  of  movement.  In  a  word, 
In  this  cjise  the  currents  produced  in  the  braneheii  of  the 
helix  under  the  Intluence  of  the  eame  pole  have  the  same 
direction  before  and  after  their  passage.  As  the  respective 
intlueuces  of  eacti  of  the  poles  neutiulize  each  other  in  a 
second  plane  or  section  peri>endicTi]ar  to  the  first,  and  also 
passing  through  the  axis  of  rotation,  the  change  of  direction 
of  the  cnn-ents  induced  will  take  place  each  time  they  pass 
from  one  side  to  the  other  of  this  plane,  which  is  termed 
the  commutfif.ion  plane.  The  wire  wound  around  the  drum 
will  be  divided  into  two  halves,  placed  on  each  side  of  this 
plane,  and  simultaneously  traversed  by  equal  currents  but  uf 
opposite  direction. 

If,  in  place  of  a  drum,  a  cylindrical  ring  be  employed  as 
a  core  on  which  to  wind  the  wire  (Pig-  143),  the  effects  will  be 
the  same;  r.nly  the  portions  of  the  wire  placed  within  the 
ring  will  be  the  seat  of  ciiiTenfs  opposed  to  those  of  the  ex- 
terior wires,  but  of  more  feeble  ones  because  farther  removed 
from  the  poles ;  all  that  cnn  ever  be  collected  is  the  excess  of 
one  set  over  the  other.  But  if  the  ring  is  made  of  soft  ii-on, 
it  will  exercise  a  double  iolluence  upon  the  production  of  cur- 
rents :  on  one  hand  it  will  answer  as  a  screen  for  the  interior 
wires,  whose  induction  will  thereby  be  diminished,  while  at 
the  same  time  it  will  augment  that  of  the  exterior  wires,  be- 
cause the  magnetic  field,  conceulrated  between  the  poles  and 
the  exterior  surface  of  the  ring  will  be  much  more  powerful. 
On  the  other  hand,  this  ring  will  become  magnetized ;  the 
two  poles  of  contraiy  name  will  be  produced  in  it,  opposed 
to  those  of  the  electi'o- magnet.     These  pules  will  be  displaced 
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by  the  movement,  which  will  start  in  the  armature  helices  n 
second  class  of  curruuts,  which  M.  Du  Moucel  has  termcfl 
polur  internersion  currents.  These  cm-rents  have  the  same 
direction  during  each  period  of  the  movement,  because  here 
again,  during  the  second  period,  the  action  is  produced  on 


Fio.  113.— Direct  indootioti  in  the  rinjt  armaniro. 

the  opposite  side  of  the  helices,  which  amounts  to  chan^ng 
the  direction  of  the  winding.  As  this  direction  is  the  same 
OS  that  of  the  currents  produced  at  the  same  moment  by  the 
direct  induction,  the  two  cai-rentH  are  added  to  each  othei'  so 
as  to  form  a  single  one  of  increased  intensity. 

Like  the  drum  tirst  spoken  of,  the  ring  is  divided  into 
two  halves,  in  which  the  helices  are  traversed  by  equal  and 
opposed  currents,  which  are  in  equilibrium  in  the  plane  of 
commutation  A  A.  By  connecting  all  the  helices  intension 
— that  is  to  say,  the  entrance  end  of  one  with  the  exit  end 
of  the  other — they  ciin  be  considoretl  as  forming  two  bat- 
teries, comi>osed  of  the  same  number  of  wimilar  elements, 
connected  by  their  like  poles;  that  is  to  say,  two  batteries 
in  opposition.  The  two  positive  poles  must  then  be  put  in 
communication  by  means  of  a  rubber,  F,  with  one  of  the 
extremities  of  an  exterior  circuit,  and  the  two  negative  poles 
with  the  other  extremity  by  a  second  rubber.  F'.  for  a  cur- 
rent to  be  established ;  this  cuirent  will  l»e  formed  by  those 
of  the  tn'o  halves  of  the  ling,  which  will  thus  be  coupled  for 
(Quantity. 
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On  ticcotmt  of  the  movement  of  the  Induced  helices,  each 
one  of  thcni  jiusses  ne(!ess:irily  from  one  side  t«  the  olhtr  of 
the  commutation  plane,  and  consequently  the  currents,  of 
■which  it  is  the  seat,  change  their  direction.  The  ring  is  always 
divided  into  two  halves,  but  these  do  not  always  contain  the 
same  helices  which  originally  constituted  them,  and  the  juuc- 
tions  ^ith  the  exterior  circuit  must  be  changed.  This  is  ef- 
fected by  arranginK  as  many  connecting  wires  as  there  are 
helices,  and  by  terminating  tliem  by  as  many  plates;  these 
plates,  perfectly  insulated  from  each  other,  are  imited  so  as 
to  form  a  little  drum,  which  constitutes  the  commutator.  It 
!s  mounted  on  the  shaft  of  the  machine  and  turns  with  it,  so 
that  it  brings  the  brushes,  P  F',  necessarily  in  contact  with  the 
two  jilates  which  coiTespond  to  the  helices  reaching  the  com- 
mutation plane. 

We  have  seen  that  the  induced  helices  are  subjected  to  a 
doable  effect  of  induction,  one  produced  directly  by  the  poles 
of  the  Held  magnet,   the  other  by  the  change  of  magnetic 
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Pto.  144. — Indirect  induction,  or  IndiK^Ion  bv  inagni<itlc  rciwtion  of  tbc  nuUuUi^ 

ttxmaXun-eont. 


state  of  the  con?.  What  has  just  been  said  applies  to  cases 
where  the  first  effect  preponderates  ;  it  is  different  where  the 
core  reaction  predomimites  {Fi^.  144).  Then  tlie  inversions 
take  phice  at  the  moment  of  passage  in  front  of  the  poles, 
because  it  is  at  this  moment  that  the  magnetization  and 
demaguetiziitiim  of  the  eores  are  produced.  In  this  raise  the 
plane  of  comniuiution,  and  with  it  the  points  of  contact  of  the 
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bruslies  upon  the  ooUeotor,  becumea  one  with  the  phmo  S  N, 
passing  through  the  poles. 

The  currents  iIiil-  to  dirwrt  iniluetion  Htill  exist,  though 
they  are  mut'h  wetikyr,  bt^ciiuse  the  way  in  whirli  the  lielices 
come  before  the  magnet  is  much  less  favoiuble.  As  their 
cominutution  plitiie  is  not  the  same,  tliey  can  not  be  collected, 
and  they  cauye  in  Ihe  mm^hiiie  lUe  jM-oduction  of  heat,  which 
increases  that  developed  in  the  cores  by  the  molecular  move- 
ments due  to  chnuge  of  polarity  ;  thus  machines  of  this  class 
have  their  speed  limited  Ijy  the  Ueiiliiig. 

Up  lo  this  point  we  have  not  taken  into  account  the  gal- 
vanic field  which  results  from  the  currents  of  induction,  and 
which  i-eacts  upon  tlie  magnetic  lield  of  the  inductors.  In 
otHisequence  of  this  reaction,  the  phine  in  which  induction  is 
most  powerful  is  displaced  ;  in  the  machines  we  ai-e  now  dis- 
cussing, and  which  are  intended  for  the  jiroduction  of  ciu*- 
renta,  the  displacement  is  in  the  direction  of  the  movement, 
as  the  reaction  is  dependent  upon  the  existence  of  these  cur- 
rents, and  increases  in  proportion  as  they  nttiiin  their  maxi- 
mum intensity.  It  is,  then,  in  a  different  position,  A' A' or 
S'X",  to  be  determined,  that  the  real  jilane  of  commutation  is 
situated,  and  couseiiuently  the  contacts  of  the  brushes  on  the 
commutator. 

"WTien  the  reversibility  of  these  machines  is  utilized  so  as 
to  transfonn  them  into  motors — that  is,  when  the  armature  re- 
oeires  an  electric  current  from  an  external  source — and  when 
its  movement  is  due  to  the  reciprocal  actions  of  the  inducers 
and  of  the  current,  this  displucenicut  of  the  magnetic  field 
takes  place  in  a  direction  the  reverse  of  the  movement,  as  the 
galvanic  lield  exists  permanently,  and  can  act  before  reaching 
the  inducing  poles.  In  both  cases  this  displacement  causes 
that  of  the  plane  of  commutation,  and  consequently  of  the 
points  of  contact  of  tlin  bniwhes  upon  the  rommutator.  It 
will  sometimes  be  found,  on  examining  a  machine  at  work, 
that  thp  apparent  ]>oints  of  contact  do  not  correspond  with  the 
place  that  they  should  occupy  theoi'eli<-alIy ;  the  requii-enients 
of  constmcficm  making  it  necessary  to  seek  a  new  x>o8ititm  for 
them,  by  bending  the  wires  which  connect  the  plates  of  the 
commutator  with  the  aiinature  coils. 
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CHAPTER  V. 


TSB  fJSST  MAOyETO-ELECTiiW  MACBLVeS. 

TiiK  tliswivefies  of  Faraday  were  quitkly  utilized  in  the  de- 
vising of  apiKirutiis  to  prodiin?  iuduced  curivnrs  in  a  continu- 
ous manni-r.  In  llie  year  18:^  Pixii  coustructyd  in  Paris  an 
early  mathiiie  (Fig.  145)  in  whirli  a  iwrmanent  magnet  turned 

in  fnjut  of  the  pcles  of  an 
eltjctro-iuagnet ;  the  sof  t- 
inm  cores  of  this  last  one 
wore  thu.M  magnetized  and 
de!iiu},"Uftized  successive- 
ly, and  created  in  the  cop- 
per wire  snm>unding  them 
alternating  ijidtu-ed  cur- 
rents; these  cunvnts.  given 
the  Hanie  direction  by  a 
commutator  tixed  on  the 
axis  of  rotation,  were  80 
intense  that,  in  Ampdre^s 
lectures  at  the  Sorbonne, 
they  could  decompose  the 
water  in  a  vnltanii-ter,  and 
rt^dden  n  jitatinuni  wire. 
His  tirat  magneto- electric 
macliine  is  presen'wl  to- 
d:iy  ill  the  rabinci  of  the 
Conservatoire  des  Arts  et 
M6tiers. 

In  1833  an  Americfin 
named  Saxton  modified  Pixii's  maeliine  by  making  the  per- 
manent magnet  fixed,  and  having  tlie  much  lighter  electro- 
magnet rotate.  The  following  yenr  Chirkt*  ]iut  in  practice 
the  same  i<lea,  placing  the  magnet  in  a  vertical  position,  and 
turning  the  elertm-mngnct  laterally  (Fig.  1-Hi).  In  spite  of 
the  slight  importance  of  this  rhange,  it  is  Clarke's  mimo  that 
is  nsed  to-day  to  designiito  this  clnss  of  Rp]>aratus,  employed 
now  more  jmrlicularly  as  illustrative  of  the  science,  iu  the 
lecture- room. 
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I.    NOLLET. — VaX  MaLDEREX. — HOLMES. 

It  seemed  quite  natural  to  increa-'se  the  nnniber  of  coils  of 
Clarke's  machme.  for  the  purpose  of  obtaining  stronger  cnr- 
Tents.  This  was  done  in  1H4U  by  Nollet.  Professor  of  Physics 
in  the  Military  School  of  Brussels.  He  tifst  doubled  the  num- 
ber of  coils ;  then  he  aiTanged  eight  upon  a  wooden  cylinder, 
and  turned  them  between  the  ai-ms  of  (onr  magneta  opposite 
each  other  in  pairs.  He  finally  arranged  sixteen  on  the  same 
disk  tuniing  between  the  arms  of  eight  magnets,  and,  placing 

together  several  disks  upon  the 
same  axis,  he  created  the  mag- 
neto-electric machine  well  known 
under  the  name  of  the  Alliance 
machine  {macltine  de  V Alliance). 
The  decomposition  of  water  by 
electric  currents  had  already  sug- 
gested the  idea  of  doing  it  on  a 
large  scale,  and  of  using  for  light- 
ing the  gas  obtained  by  the  aid 
of  jxiwei-fiil  magneto-electric  ma- 
chines.    They  were  thus  to  iu- 
diiectly  produce 
light.     Ir  is  not 
__  __^^^^  difficult  to  under- 

'r^  ^^sS^^  stand  that  the 
^It  proposed  t*pecu- 
^  lalion  came  to 
naught ;  the  ma- 
chine consumed 
too  much  power, 
and  it  was  sim- 
pler and  cheaper  to  extract  the  Illuniiualing  gas  directly  from 
bituminous  coal.  BesiJf!*,  it  was  necessary  to  i-ender  the  cur- 
rents continuous,  and  all  the  commutators  tried  were  rapidly 
used  up  by  the  circuit-lu"eiikiiig  sjiarks.  It  was  aftor  this, 
towai-d  la^f),  that  M.  Du  Moncel  advised  the  use  of  the 
machine  for  the  production  of  the  electric  light,  and,  thanks 
to  the  idea  suggested  by  M.  Maason,  the  commutator  was  sup- 
pressed. It  was  then  even  by  accident  that  for  this  use  alter- 
nating currents  were  employed  whose  special  ad\ant;iges  iu 
certain  systems  of  lighting  we  have  already  described.    The 
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success  was  as  complete  as  was  possible,  and  it  is  the  first 
machine  that  was  put  to  industrial  use,  pnncipally  the  appli 
catioa  of  the  electric  U^ht  to  light--houHes,  inaugurated  in 
France  in  18113. 

In  this  machine  the  inductors,  or  field  ma^ets  are  station- 
ary ;  they  consist  of  two  paralh'l  ringR  of  eight  horseshoe 
nia^ets,  placed  radially  around  disks;  tlicse  ma^eta  are 
supported  hy  wooden  liars,  and  tlieir  poles,  very  regularly 
spaced,  are  alternated  so  that  a  north  pole  is  oppnw^d  to  a 
Boutli  pole,  and  so  on  ;  encli  of  these  magnets  w  compose*!  of 
six  steel  i>Iates,  one  rcntimelre  thirk.  .supplied  by  the  Allevaiil 
Works;  these  plates  are  tempered,  p4iIiHli«l  cm  a  stone,  and 
fastened  tngelher  bj'  screws  ;  they  are  separately  magnetized, 
and  eaeli  set,  weighing  nbout  twenty  kilogrammes,  can  lift 
sixty. 

The  armature  coils  are  mt)vablB ;  they  am  arranged  around 
n  l)niss  disk  by  means  of  colliu's,  and  parallel  to  the  axis  of 
rcitiitioa  ;  the  Hpa<'eH  between  tliem  are  regulated  with  the  ut- 
most pjveision,  so  tliat  they  all  come  at  all  times  in  llie  same 
relative  poaiticms  with  reference  to  the  sixteen  poles  of  the 
field  magnets. 

The  cores  of  Clarke's  armature  bobbins  were  made  of  soft- 
ir<m  ro4ls  ;  hut  when  they  arc  caused  Ut  turn  niueh  faster  In 
the  prtisence  of  very  imwertul  luagaets,  they  need  some  modi- 
lic^ition  to  enable  them  to  be  magnetized  and  demagnetized 
more  rapidly  without  heating. 

We  have  already  stated  that  the  rapid  changes  of  polar- 
ity cause  molecular  movements  in  the  metal,  accompanied 
by  a  production  of  heat ;  we  have  also  seen  that  induced  cur- 
rents are  prodiictnl  in  the  cores  like  those  whose  existence 
was  shown  by  Fanulay,  and  that  to  diminish  their  strength, 
and  facilitate  thcetfeotsof  the  mngneric  inlbienre,  the  mate- 
rial of  the  coreH  hiul  to  i>e  diminished  and  divided  ns  inueh  as, 
possible. 

This  has  been  done  with  the  Alliaaee  marhines  by  mak' 
ing  the  cores  of  Inm  tubes  split  Umgitudinally.     The  washei 
of  brass,  fastened  at  eaeh  end  to  keep  the  wii*e  in  place, 
also  H]»Iit  in  a  nidial  line.     On  this  tube  the  wires  are  wonnt 
with   ]>n)per  insulatiuu :  at  first  too  fine  n  wii'e  was  used,1 
which  berame  heated  and  developed  a  high  resistance ;  il 
became  nece.ssary,  for  the  sake  of  inerensing  the  sertion,  to 
wind  several  panillel  lo  each  other;  instead  ot  one,  four  were 
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first  substituted ;  to-day  eight  wires,  of  one  millimetre  diam- 
eter,  are  used. 

Tliert'  is  uo  neeil,  as  we  have  alrejidy  stuleti.  to  ronsider 
the  ivrotiuction  of  electricity  iu  these  niuchiiieH;  it  is  citfiir 
rJiat  the  currents  change  in  tlirection  erery  time  the  babbiii.s 
pass  before  the  jwles  *'f  the  uiagnet :  as  there  are  sixt<'en 
magnet- poles,  ihere  are  sixteen  changes  of  ciiireut  in  each 
levolurioD,  80  that  with  a  s|>eed  of  four  huudre*!  revolutions 
per  minute  there  are  over  one  hundred  reversals  per  sec«jiul. 
Every  time  tlio  currents  change  their  direction  the  voltaic  arc 
ceaaes  to  exist ;  the  continuity  of  the  light  is  due  tu  the  in- 
candescence of  the  polar  carbons;  the  duration  of  these  m- 
teiTiiptions  is,  moreover,  so  short — huixlly  the  ten-thuusandlh 
of  a  second — that  the  arc  easily  starts  anew  through  the  air 
heated  by  the  radiation  from  the  incandescent  carNiiis,  and 
the  more  so  as  the  revei^sals  take  jjlace  precisely  when  the  cur- 
rents attain  their  maximum  of  intensity. 

Niilletdied  in  the  midst  of  his  work,  and  it  was  A'an  Mal- 
dcren,  his  col  Inborn  tor.  appointed  engineer  of  the  company, 
who  giive  tho  machines  their  last  improvements ;  tluinks  are 
due  to  him  for  the  success  then  obtained,  whose  promises 
were  never  destined  to  be  realized  ;  the  hour  of  electric  light- 
Ing  had  not  yet  come. 

AlK)ut  the  same  i>eriotl  M.  Tbilmes,  who  had  assisted  In 
the  constrnctiiin  of  NoIIet's  machines  ordered  from  England 
for  the  production  of  illuminating  gas,  succeeded  on  his  own 
port  in  utilizing  them  for  the  production  of  the  electric  light. 
The  same  apjjeara  to  have  happened  to  the  Coinpa^nie  PAl- 
liance^  and  it  is  with  one  of  these  machines,  which  were  built 
between  18ri8  and  1W3,  that  the  first  exi>eriment-*t  with  electric 
light  in  the  Diingeness  light-hnuse  wei-e  ctmducted  ;  the  results 
were  not  very  good,  beca.n8e  the  commutator  for  rendering  the 
currents  continuous  was  still  in  use. 


II.  SiEMEXs. — Wilde. — Ladd. 

At  this  eponh  it  was  principally  from  (he  changes  in  the 
magnetic  state  of  the  cores  that  the  current  was  pri>duc*Hl.  To 
develop  still  more  this  method  of  induction,  and  obtain  from 
it  the  most  jiowerful  eilc<'ts,  Afr.  \V.  Siemens  inventtnl  in  18.'i4 
the  ingenious  armaturt?  which  bears  his  name  (Pig.  148).  It 
is  formed  of  a  cylindrical  core  of  soft  iron,  with  two  longi- 
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tncUnal  grooves  cut  in  i(,  which  givps  it  (he  section  of  a  double 
T  (Kig.  149),  The  wire  that  is  subjected  to  induction  is  wonnd 
in  the  grooves  which  it  fills  so  as  to  re-st^n-e  ihe  rylindrirnl 
fonn  ;  bimUng-wii-es  prevent  the  wb-^  jneldiiig  to  the  centi-ifu- 
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j^  rnpce.    The  wings  of  the  douhle  T  form  pfdea  extending 
along  tile  core  and  reacting  enHigetically  on  ttie  wires. 

This  armature  was  first  designed  for  a  telegraphic  indno- 
tion  apiMimtUR.  K lit  in  186(1  Mr.  Siemens  emjiloyed  it  in  tlie 
OonstnitTiion  of  a  small  mngneto-eloctnc  machine.  The  poles 
of  tho  fielii  magnets  are  nnited  by  a  piece  of  brass ;  the  anna- 
ture  tiinis  En  :i  rylindriral  ciivitj',  between  tliese  three  pieees, 
whieh  completely  sniTound  it  ;  a  commutator  senses  to  render 
tho  currents  continnous,  whnse  cnmmuta- 
4  Hon  plane  jmsses  tJir(:)ugh  the  phme  of  the 

poles,  subject,  however,  as  before  explained, 
to  the  displacement  due  to  the  working  of 
the  machine.  In  the  Klectrind  Exhibition 
nt  I'aris  rht*re  could  be  seen  Mr.  Siemens's 
original  mod*!,  as  well  as  two  more  power- 
ful mncbines  (if  the  same  t3T>e  which  had 
been  exhibited  in  IJ<7:^  at  the  Vienna  Exlii- 
bitiim.  This  amiaturo  had  then  been  dis- 
canled  ns  an  organ  for  develrtpment  of  cnr- 
rciits,  because  of  tlie  enormous  speed  needed, 
and  the  great  heat  which  was  developed  in  it.  JJ" evert heleas, 
it  is  still  employe<l  with  success  in  .small  electro-motors. 

It  is  with  the  Siemens  ai-matnre  that  M.  Wilde  constructed 
one  of  the  two  machines  which  had  such  a  success  at  the 
Paris  Exhibition  of  18t!7 ;  the  second  was  the  machine  of  Mr. 
Ladd,  of  which  we  shall  speak  further  on. 

It  Is  M.  Wilde  who,  struck  with  the  enormous  superiority 
of  electro-magnets  over  pemianent  magnets  of  the  same 
weight,  first  conceived  the  idea  of  using  them  in  the  field  as 
inductors.  Wilde's  machine,  then,  was  the  first  dynamo- 
electric  machine  ;  it  was  composed  (Fig.  IfiO)  of  a  large  Sie- 
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the  large  machine  were  utilized  to  influence  both  hobbins  at 
once.  To  this  end  the  field  mngnfts  were  formetl  of  two 
hir^^e,  flat,  horiumtal  bobbins,  placed  one  above  the  other  aii<l 
connected  ko  as  to  have  iheu*  opposite  pules  facing  each  otlier. 
The  cores  terminated  at  each  extremity  in  polar  massef*, 
shuiHfd  so  as  to  receive  the  armatares.  In  a  second  model  Mr. 
lodd  suppressed  the  si>ecial  exciting  aimatare.  only  preserv- 
ing a  wiii^^le  out-  with  two  distinct  ciicuits — one  fiii-nishiny  the 
excitinu;  current,  liie  other  supplying  the  exterior  cli-cuit. 

This  nitflluHl  of  utilizing  the  reaetion  on  the  Held  nia^nefs 
of  tlie  currents  winch  they  theinselvos  jiroduced  had  also 
been  a]>plied  some  time  liefore  by  M.  Wihle  to  another  type 
of  mac^hine  ivsembliug  N(jUet's.  In  this  machine  the  field 
niai^nets  art*  formetl  by  thirty-two  straight  electro -magnets, 
iirmnged  in  a  cii-cle  on  a  frame  and  forming  two  parallel 
series  whose  altcmutw  jjoles  are  placed  in  front  of  ejich  oilier. 
In  til''  --I  :irt^  ]»'tween  thinn  u  plate  carrying  sixteen  armature 
coils  ou  caeli  side  rotates. 

The  (ielil  magnets  are  excited  by  aourrent  taken  from  four 
of  these  i'oiLs  and  rendered  continuous  by  m«ms  of  i\  eommu- 
tatiir.  'I'he  current  of  the  oilier  induced  bobbins  is  collected 
on  two  frirtion-rings  and  sent  into  the  lump  circuit.  This 
niacliine,  winch  received  several  ajipliration.s  in  England,  had 
l)een  long  almndoned  in  Fmnre  by  the  company  that  hiid 
bought  it  in  1867.  It  was  tnken  up  again  la.'*t  yt^ar  (1870),  in 
spite  of  the  inconvenience's  of  its  commutator,  and  quite  satis- 
factory ivsnlts  obtained  with  it. 

These  different  imxn-ovements  were  merely  the  application 
of  principles  which  Mr.  Varley  had  onibodicl  in  a  machine 
patontc-d  by  iiim  in  I8fi(>,  and  \vhich  Messi-s.  AVemer  Siemens 
and  Wheat.stone  had  explained  in  two  commnnij-ntions  pre- 
sentc*!  in  that  year  to  the  Academy  of  Sciences  of  lierlin  and 
to  the  Royal  Society  of  London.*  The  first  memoir  showed 
tliat  electi-ic  eneigy  could  be  converted  into  magnetic  energy 
without  the  neeil  of  permanent  magnets ;  the  second  memoir 
8howe<l  that  the  power  of  an  electro-magnet,  which  retained 
a  trace  of  residual  magnetism,  could  be  developed  up  to  satu- 
ration by  the  progressive  increase  of  the  induction  currents 
pr«kiuced  by  itself. 

This  succession  of  discoveries  was  the  starting-point  of  the 

*  Ttic  priaHpl«  of  *'«cIf-cx«itAtion  **  was  firrt  ennncistdd  bv  *  Vute,  SArea 
Hjorth,  wliO  |>iit«ali.-d  in  Englnud  IQ  ISM  a  luacbine  in  vbkb  \t  ruk  vsrried  out. 
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rapid  progress  witnessed  by  our  own  eyes,  and,  Hianka  to 
which,  we  have  succeeded  in  effecting  at  pleasure  all  tliose 
wonderful  trjin3forma.tions  of  an  agent  wliich,  always  invisi- 
ble and  elusive,  only  manifests  itself  in  its  prodigious  effecTts 
of  heat,  work,  and  electricity. 


CHAPTER  VI. 


TBS  QRAMXS  MACHJUSS. 

M.  OitAMMK  is  the  first  inventor  who  succeetled  in  practi- 
cally developing  these  discoveries,  and  in  making  all  the  fac- 
tora  unite  in  producing  ele<^tricity  with  the  regularity  and 
economy  iudispensalde  in  industrial  applicatinns.  It  is  in 
great  part  to  the  machine  of  this  indefatigable  worker  that 
the  development  of  electric  lighting  is  due. 

M.  Gramme's  inipmvenients  apply  to  all  parts  of  the  ma- 
chine ;  the  power  of  the  field  magnets  has  l)een  brought  to  a 
maximum  by  the  use  of  electro- magnets  with  conse<pient  poles. 
The  annular  form  given  t(t  the  induced  circuit  has  enabled  na 
to  utilize  iinintemiptedly  the  action  of  induction,  and  the 
ctUTents  have  been  collected  and  i-cndored  continuous  very 
successfully,  thanks  to  the  ingenious  amingemenr  of  the  col- 
lector. These  machines  have  received,  besides,  since  their  in- 
Tcntitm,  nuraljerlesa  alterations ;  successively  electro- magnetic 
machines  (Fig.  Ifil)  and  dynamo-t'lectric  machines  have  bif?en 
constructed,  something  which  is  effected,  as  we  have  already 
seen,  without  difficulty.  The  field  magnets  were  placed  ver- 
tically in  the  first  machine's  (Fig.  l.l'J'i,  they  are  now  liori- 
zontal,  without  other  reason  than  the  convenience  of  con- 
Btraction;  finally  the  ring,  after  having  been  made  duplex, 
so  as  to  furnish  sepamtely  the  exciting  and  the  working  cur- 
rents, has  lieea  ivduct'd  to  a  single  circuit,  whase  entire  cur- 
rent traverses  the  coils  of  the  field  magnets.  AVe  shall  limit 
ciurselves  to  rhe  description  of  the  latest  model,  designated 
wtirkshup  ty[>G  (i>/pe  (Tatelfe/jf  which  is  the  one  most  gener- 
ally used  (F'ig.  153). 

Tlie  inductor,  or  field  magnpt,  is  composed  of  two  horizon- 
tal bars  connected  by  bolls  with  the  frame.    The  whole  forms 
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of  metal,  the  necessity  of  which  we  have  already  spoken  of. 
On  this  core  are  wound  transversely  several  layers  of  cropjier 
wii-c,  of  suiriiltic  (liiimelcr,  most  rnrefnlly  insulated,  nnd  sep- 
arated into  stictioiwuf  <listinct  lielict's,  placed  side  by  side. 
Fig.  Ifl4  shows  it  complete  in  one  part  only ;  the  other  iMirt 
has  tile  half  of  the  Iiclires  removed,  and  furtlicr  on  the  nng 
is  cut  so  as  to  show  the  sertion  of  the  iron  wires  composing 
it.  All  the  coils  are  ninnected  f()r  tensicm,  the  inner  end  of 
one  and  the  outer  end  of  the  other  being  attached  to  the  same 
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plate  of  copjwr.  Thus  there  are  as  many  plates  as  eoils,  and 
naturally  the  divi.sinn  is  made  with  an  even  number,  so  ttiat 
the  tw(t  luilves  of  the  riiifi  may  always  cimtain  the  same  num- 
ber c)f  r4)ib!.  All  the  phttes,  al.so  insidaled.  are  pn^hmged 
buck  of  the  ring,  and  there  Xui-m  a  small  drum  which  cousti- 
tules  the  commut;itor. 

Tlie  iwu  rubliei-s  ai-e  a  8i)ecies  of  brush  or  broom  made  of 
wires  of  a  good  conducting  metal ;  they  are  madu  to  bear 
agamst  the  collector  by  s^irings,  which  can  be  regulated  by 
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?ta.  l&l.— GmnuiM  Sirtji. 


hand.  This  kind  of  rubbers  insures  perfect  contact,  and 
wenkuns  theUestruclive  eifcpts  of  the  sparks  by  dividing  them 
between  a  large  iiuuiIkt  of  points.* 

The  collecting  apparatus  is  the  delicate  part  of  machinea ; 
the  contact  must  be  Hiifiirient  to  iusiii-e  the  psissape  of  the  cur- 
rent with  the  least  ijossible  resistance,  without  being  strong 

enough  for  the  fruition  to 
wear  away  the  coninmta- 
tor  rapidly.  Moreover^  this 
friction  can  not  be  rwluced 
by  the  use  of  oil.  bcnnise 
the  lubricator,  quickly  l^e- 
couiinj;  clmrged  with  me- 
tallic tlu.st,  would  fill  up 
the  inten-als  belwi^i'u  the 
plates  and  destr()y  their  in- 
sulation. The  collertor  and 
bruslu's  must  therefore  be 
watched  clotwdy,  and  the 
gn'at<'at  cai-e  taken  *>f  them ; 
the  points  of  contact  of  the 
brushes  with  the  collector  shfuild  nlways  lie  placwl  exactly  in 
the  line  of  the  comumlalion  plane,  defenniued  once  for  all  at 
the  normal  running  of  the  niai-hiue,  and  exactly  ai  the  ex- 
tremities of  the  same  diameter  of  the  coniniutator,  jls  others 
wise  one  part  of  the  opposing  currents  produced  in  the  ring 
would  be  destroyed  by  a  coiTespoudiiig  part  oi  the  other  cur- 
rent ;  the  intensity  of  the  i-emaiuing  current  would  be  weak- 
ened in  proportion. 

Wc  have  seen  that  the  currents  of  these  machines  were 
produced  by  the  direct  influence  of  the  poles  of  the  field 
mngnt'ts,  and  by  the  magnetic  i-eactions  of  the  ring;  their 
intensity  increa-Sf^s  with  the  afiecil  of  the  nuicbine,  as  these 
effects  are  niultipHed  in  jiroportion.  There  is,  however,  a 
limit  which  it  would  be  dangerous  to  exc*?ed,  becnusf  the  wire 
()f  the  coils,  being  invariabk!,  would  finally  lie  of  insufficient 
sei'tiou  I  the  internal  i-esistance  woulil  gnidually  inci-ease,  and 
would  cause  the  development  of  agr^'af  deal  of  heat ;  f be  work 
expended  would  thus  iuci-eaae  much  quicker  than  Ihcinttmsity 
of  the  cuiTent. 

*  [Tbe  bnisliefl  iie«<l  va  all  muohltaes  In  this  couotr/  cuiuist  ot  a  bnadlo  of 
Htrips  uf  8hi>i-l-(Mppi>r.] 


TOE  GRAMME  MACUINES. 


245 


The  following  table,  published  by  M.  Fontaine,  shows  in 
what  propoi'tions  the  results  vary  with  the  speed  of  the  ma- 
chine, and  with  the  dibtanoe  between  it  and  the  lamps : 

I^/Iuence  ^  (he  ^eed  qf  the  Machine. 


vuK»«r«  iwT«««m  tJt 

won  KxriMim  rn 
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4 
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6 
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10 
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»a 
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Tlie  niKin  himinons  intonsities  are  here  the  mean  of  in- 
tensities obaerved  at  differejit  angles : 

Infitietice  qf  Distance  of  the  Lamp/rom  the  Machine. 
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In  all  the  experiments  the  section  of  the  conducting  wire 

was  ten  sq^uare  millimeti-ea. 

Division  MAcnnrES  (Machines  d Division)  * 

As  soon  tis  the  improvements  efFe<'te<i  in  regulators  by  the 
use  of  the  derived  current  made  possible  the  placing  of  sev- 

*  prills  term,  raeA  to  denote  rnachlnci  aperntinp  more  t^R^  one  lamp  on  one 
rirDUil,  tB  (luite  erroitooiisly  iipi>lietl,  ii<i  it  refera  to  nu  (li»tiiictive  mode  of  i-on- 
straction.    The  number  gf  <IevU'c8  wliU'h  c&n  bo  opi<r«tcJ  upon  ituy  circuit  de- 
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eral  lamps  ou  the  same  circniif,  M,  Gramme  deWsed  new  typea 
arrangetl  to  fiimi.sh  the  sjitne  results  with  continuous  cur- 
rents; the  tiekl  maimers  have  i-eceivecl  new  polar  extensions 
of  large  section,  and  the  power  of  their  magnetic  field  is  much 


^1 


li" 


Fio.  155.— Fi*"t'-lli;!u  (jrtimiuu  mo'.bine. 


increased  ;  the  nrmntiire-wire  is  miirh  liner  and  lontcer,  conse- 
quently the  elertnj-motivi'  fnrre  is  niurli  /^ifaler  for  the  same 
8pee<l,  and  the  cnirmnt  possesses  the  ueressary  tension  (Fip. 
155).    Tin?  field  magnets  are  supplied  by  a  special  exciter ;  in 

pcDtlft  Holtfljr.  io  far  as  the  moolilnc  i*  roncurtied.  upon  the  cionntity  and  e1o«tro- 
(noti»i.*  fiirrc  of  till-  ciirrent  furoistn-J;  bnt  tliis  is  a  iriftMor  of  propiiriiopa  cif 
parU  otid  8[>eeil.  and  not  of  tonncrnctive  diffi-rerces,     Ttic  t**rm  coiiW  Ix-  ri^liUy 
tpli1ic<1  to  (lotiolo  tnotrliitii-:*  fc-oilinir  §eTt.Tal  distiuct  circuiu,  but  tUbsv  am  bc-lMr  . 
described  as  "mullLjile-uircutt  macUinoi!."J 
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spite  of  its  complicjition,  this  arrangement  has  the  advantage 
of  rendering  the  field  magnets  independent  of  variations  in  the 
resistance  of  the  exterior  circuit,  aud  insiire.s  Ui  the  mii^ictic 
field  a  stability  analogous  To  that  of  magnet o-electrir  ntachines. 
These  machines  can  supply  from  two  to  five,  ten,  and  even 
twenty  lights,  by  changing  the  speed  of  rotation  aud  the  re- 
sistance of  the  conducting  wii*,  as  is  shown  in  the  following 
figures,  determined  by  M.  Fontaine  ("Revue  IndustrieJIe"): 


HCHBEB  or 
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B 
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IS 
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The  fignres  of  the  last  two  colntnns  show  that  the  current 
slionld  always  possess  n  tension  superior  to  the  effective  re- 
sislancR  of  the  ares  used,  so  as  to  leave  a  sufficient  mai-gin  for 
the  action  of  the  regulators. 

The  same  tyi)eH  serve  also  for  the  prodnction  of  the  pow- 
erful lights  in  use  in  light-houses  and  in  marine  and  war  ap- 
paratus. MM.  Sautt**r  and  Lemonuier,  who  construct  so  suc- 
cessfully this  c^lass  of  nuu'hiue,  liave  given  n  rt'.sume  of  their 
conditions  in  the  interesting  iigui-ea  in  the  following  table : 


TTFG  OP  u&cnno!. 
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Ttiu  luaxi Ilium  intirDsltici  arc  diow  aUaiDtil  tr,v  u^ing  lamps  lucUuvd  to  an  to 
expnw  the  crntcr  nl  thn  ])oAitJve  rarboti  m  ttio  Hiirfiu'c  to  Iw  illnminfit/'il. 

Tlie  last  two  line*,  rotnpflreil  will*  the  *ecnn<5  lunl  tliinl,  show  wliat  no  in- 
erefiiM  of  %lit  fwllvwa  tliv  cuupllag  vf  Lko  inAcLiiu-s  fur  quantity. 


on  PB0Dccn05  or  electfjc  cvEBEirrs. 

These  powerfal  macfaioes  aiv  sometimes  constmrted  with 
a  ilonblR  ring — ttiat  is  to  t^y,  the  one  hiindnKl  ami  twenty 
coil*  which  it  cootahis  are  divided  into  two  series — sixty  coUa 
hare  th<*ir  eDtrmnce  ends  on  the  right  side  and  the  others  have 
ih^m  on  the  left.  The  marhine  is  also  supplied  with  two 
commutatoni,  one  on  earh  side  of  the  rin^,  and  each  of  these 
wrres  to  o^Iect  half  of  the  sum  total  of  electrieiiy  produced 
by  the  machioe ;  these  two  h:ilres  can  W  ronnecled  for  quan- 
tity or  for  tension,  acoording  to  tlie  exigencies  uf  the  work  to 
be  dime ;  or,  if  it  is  desirable,  one  current  may  be  used  to 
excite  the  lield  magnets  and  the  other  for  the  working  current 


OCTAGOSAL  MaCBIXES. 

In  all  the  preoeding  machines  there  are  only  the  two  field 
miigncts  or  inducing  poles ;  only  two  currents  of  opposite 
dirrfrtinn  are  produced,  which,  uniteil  in  tlie  external  circuit, 
furniKli  only  a  single  current.  To  increase  the  power  of  his 
nmrhines  in  the  pniitortions  which  the  applications  to  the 
(ransmiHsion  of  p<.wer  necesfutate,  Xf.  (irnnime  lias  increased 
the  dimensions  of  his  ring  so  as  to  exert  ujHin  it  the  intluence 
of  ffiiir  electro-niiignets  simultaneously.  The  f(»nr  successivrt 
poles  are  alteniately  of  contrary  name,  nnd  the  commiitntiona 
take  jilacc  in  planes  passing  through  the  axis  of  rotation, 
but  forming  with  (*nch  other  an  angle  of  ninety  degre**s.  The 
ring  is  thus  diridetl  into  two  parts,  each  working  like  a  com- 
plete ring  of  the  ordinary  type.  Four  rubbers,  pressing  on  a 
single  commutator,  gather  the  twf>  currents,  pro<luced  siniid- 
taaeously.  which  can  be  connected  for  quantity  or  for  ten- 
slim.  The  lai>^  diameter  of  the  ring  makes  it  possible  to 
obtain,  wiih  ti  niodenite  s])eed  of  rotiirion,  a  more  rapid  move- 
ment of  the  helices  in  fr<mi  of  the  inducing  jmles.  The  par- 
ticular form  of  the  structure  has  given  to  these  machines  the 
name  of  oc/af/ohrtl.  It  will  be  understood  that  this  system 
can  be  pushwl  still  fiulher,  enabling  us  to  construct  machines 
of  very  high  power. 

Ar.TERT^ATiyo-CtTREENT  MaCHIHES. 

Nothing  remains  for  us  now,  to  complete  the  review  of  the 
numerous  inventions  of  M.  Gramme,  except  tu  speak  of  hia 
alteniating-ciiiTent  ruacliines.  Wi*  have  seen  Ihnt  on  account 
ci  the  improvements  of  regulators,  several  lights  can  be  ob- 
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tained  from  one  machine,  provided  its  t«nsion  is  in  proportion 
to  the  Slim  af  the  resistances  of  the  exterior  circnic.  But  this 
tension  incredses  rapidly  vnth  the  number  of  lights;  it  re- 
quires^ basidea  the  increased  motive  power  necessjiry  f or  its 
production,  much  gi"eater  precautions  in  the  insulation  of  the 
wires  of  the  machine  and  of  the  conducting  or  line  wires; 
thus,  at  tirst,  the  practical  number  of  lamps  was  limited  to 
four  or  lire  per  circuity  according  to  their  intensity.  With 
double-ring  machines  twelve  lights  on  one  circuit  were  at- 
tained. But  it  is  easy  to  increase  this,  if  currents  of  such  high 
tension  do  not  frighten  us;  aud  we  shall  see  further  on  that 
Mr.  Brush,  an  American,  n.s  might  have  been  expected,  made 
lii.s  machines  produce  a  current  that  could  support  forty  lights 
on  a  circuit  ten  or  twelve  kilometres  long. 

This  is  the  only  possible  solution  with  direct-current  ma- 
chines, because  of  the  difficulty  of  multiplying  rommutatf»rs  ; 
but  Willi  alremating  cuiTents,  which  are  more  easily  collecled, 
several  of  them  can  be  taken  from  the  same  machine,  each 
distinct  and  independent;  thus  a  great  nuralier  of  lights  la 
obtained  by  the  use  of  multiple  circuits ;  tirat,  a  division  of 
the  total  in-oduction  of  tlie  machine  into  several  cuiTents,  and 
thtn  a  division  of  each  of  these  among  several  himps.  We 
have  shown  how  alternating-current  machines,  with  movable 
field  magnets  iind  tixeil  armature  wiils,  were  thus  reached, 
which  arrangement  Mr.  Holmes  jwitented  in  1857.  We  Khali 
see  how  M.  Gramme  transformed  his  machine  in  1877  to  ailapt 
it  to  the  Jablochkoff  candles. 

lie  prcservc<l  his  original  ring,  but,  making  it  stationary, 
he  could  increase  its  dimensitms.  The  ring  liecame  a  cylinder, 
within  which  turns  an  inductor  formed  of  an  electro-magnet 
with  multiple  alti-miiti'  ]»oles,  whose  arms  radiate  fr<im  the 
axis  of  rotiition,  and  whose  poles,  considerably  drawn  out, 
leave  only  a  small  inten-ening  space. 

The  wire  which  envelops  this  cylinder  is  divided  into  as 
many  sections  as  there  are  arms  to  the  Held  magnet,  and  each 
section  contains  the  same  number  of  coUs,  so  that  the  corre- 
sponding coils  of  each  of  these  sections  are  always  placed  in 
the  same  relation  to  the  jwles  of  the  inductor.  The  currents 
which  are  thus  prf>duced  at  the  same  instant  are  of  similar 
direction,  and  can  be  united.  The  diagram  (Fig.  156)  shows 
that  the  coils  art,  bb,  cc,  dd,  form  as  many  distinct  groups, 
each  furnishing  two  currents  of  opposite  direction,  due  to  the 
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np]iroiichiug  to  and  departure  from  The  field-ma^nPt  poles. 
This  anuuhir  arrans«nient  of  toe  annature  roils  is  advan- 
tageous, as  the  inductor  works  with  moit;  continuity,  and  he- 
cause,  if  the  cTurents  of  different  gmups  vary  in  intensity  on 
account  of  the  rehitive  position  which  each  of  them  occiii)ies 

in  succession,  the  mini- 
ma are  much  less  feel>le 
than  in  other  systems, 
where  they  are  nlnio^t 
null  in  the  center  of 
the  compai'ntively  liirge 
space  intervening  i»e- 
tween  the  armature  coiU. 
By  usinp  two  rinfp*, 
supplied  with  riil>I>erH, 
the  exciting  current  pro- 
duced ori^-nnnlly  by  a 
small  nmdtine  with  con- 
tinnous  cun^ent,  called 
the  exciter,  and  sitnated 
nesir  it,  can  be  passed 
into  the  rotating  field 
mapnet.  This  arrangement  presents  several  inconveniences : 
ill  the  fust  place,  it  increases  the  organs  of  transmission; 
next,  as  the  magnetization  of  the  field  is  extremely  sensitive 
to  vanations  in  tht*  exciting  current,  it  multiplies  the  chances 
of  irregulaiily  in  the  light. 


Fl«.  IM.— Dli^tsm  of  nltrrnntlngHjurrcnt  GramrDC 
luacitinc. 


Sklf-eicitixo  Machines. 

To  remedy  these  inponienierices,  M.  Gramme  motlified  his 
exciter  so  as  to  nnilie  it  possible  to  place  both  machines  in 
the  same  fnimcwork,  antl  use  only  one  ]>ulk'y  to  work  both 
at  the  same  time.  Tliese  new  machines,  invente*!  in  1879, 
have  been  nanii",!  acf/'-fXri/iitf/  (fnrlt>-f.rrit.atrirffi),  (Fig.  lo7.) 

The  four  anns  of  the  indiictm*  of  the  exciter  ariMiUjirhed 
nulijilly  tt)  the  inner  wile  of  a  ring,  fastened  to  one  of  the 
ends  of  the  frame,  and  cast  in  one  piece  with  it;  their  like 
poles  are  thus  placed  opposite  each  other  in  llie  niiex  of  the 
two  angles  thus  foimed.  Tlie  annatnre  ring  is  fastened  on 
the  same  shaft  as  tlie  movable  inductor  of  the  alternating- 
current  machine,  which  is  not  otherwise  clianged.     The  regu- 
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luiing,  wliich  is  done  prolinnnarily  by  liudlng  the  beat  nnc*-(i 
for  the  exciter  when  separate,  is  here  obtained  by  meiinb  of 
a  i-esistjince  interposed  in  the  circuit  of  the  exciting  machine ; 
by  making  this  i^esistance  vary,  the  intensity  of  the  cui'i*ent 
18  changed,  and  consequently  the  magnetism  of  tlie  iield 
magnet  as  well  as  the  intensity  of  the  alternating  cuirenta  is 
changed. 

The  most  usual  types  are:  one  for  eight  candles  of  forty 
carcels,  or  tvfelve  candles  of  twenty-five  oircels ;  nnother  for 
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i'l'j.  l^j. — Sflll-csi'iunij  ujiQnuiiii.'j-cum-nc  itWiumL'  inucljini'. 


sixteen  candles  of  thirty-five  carcels,  or  twenty-four  candles 
of  tMenty  carcels.  A  macliine,  with  separate  exciter,  has 
even  been  constructed  capable  of  supporting  sixty  candles  at 
once. 

We  will  only  sjieiik  here,  as  a  reminder,  of  the  modifica- 
tions intTodurwl  by  M.  .lamin  in  self-exciting  machines:  they 
have  princi]mUy  borne  upon  tlie  use  of  the  exciting  current, 
and  the  iDci-ease  of  tension  of  the  alternating  curreuts.    The 
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speed  of  the  mnchine  can  be  increased  Ity  them,  us  well  as  the 
expenditim;  of  motive  power;  the  incivawc  of  tension  ha& 
made  possible  the  lighting  a  number  of  lamps  iu  the  same 
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circuity  but  their  light  "diminished  because  the  heat  regeoer^ 

ated  in  each  of  them  is  less." 

This  last  expression  recalls  the  fact  that  the  heat  of  the 

voltaic  UK  is  tlie  result  of  that  which  is  st?t  free  by  the  bnminj; 

Ofimbustibhi  iindVr  the  boiler, 
or  I)y  The  ;?ns  burned  in  the 
cylinder  of  the  gns-cnpne ; 
it  still  tvpivsents  heat,  even 
if  a  water-wheel  be  nsed,  be- 
cause it  U  the  heat  of  the  stm 
which  transforms  the  water 
into  vapor,  and  causes  it  to 
descend  in  the  form  of  rain 
to  sni>ply  our  water-courses. 
All  our  sources  of  artificial 
heat  are  really  the  accumu- 
lated solar  lient  presented  to 

FU.U0.— Arattunuftiiv  Wooduuehim.     usundertlireedlffercnt  foHus: 
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coal  inclosed  for  centuries  in  the  depths  of  tlie  earth ;  forests 
wbkU  slowly  gix>w  under  our  eyes ;  and,  linully  rho  resciToira 
of  motive  ])ower,  and  consequently  of  the  beat  whioU  ihe 
movement  of  ^vater  on  the  face  of  the  earth  create.  MTien 
we  8hall  have  exhausted  the  first  resource,  wliich  we  waate, 
if  the  second  does  not  de- 
velop with  sufficient  rap- 
idity for  our  needs,  it  vn\l 
be  electricity  that  will  en- 
able us  to  utilize  the  last. 
[^Tbe  Gramme  machine, 
as  made  in  this  country 
by  the  Fuller  Electrical 
Company,  after  the  de- 
signs of  Mr.  J.  J.  AVoixl, 
has  several  points  of  im- 
provement in  its  construc- 
titm.  In  the  foreig^n  ma- 
chine the  central  portion 
surrounded  by  the  anna- 
ture  ring  is  formed  of  a 
wcHideii  Work,  driven  into 
position,  which  oi»ei-atinn 
not  infrequently  disjir- 
ranges  the  wii-e  and  in- 
jures the  insulation.  It, 
moreover,  prevents  Ihecii^ 
culalion  of  air,  which  is 
useful  in  keeping;  the  arm- 
ature cool.  In  the  .\nier- 
ican  marhine  theaiTuatnre 
ring  is  mounted  upon  a 
gun-metal  frame,  consist- 
ing of  a  rentnd  hub  aiul 
radial  bars  or  spokes.  In 
its  revolution  this  anna- 
tiire  has  ii  fa  a  like  artUm, 
ami  the  wiir  is  consequent- 
ly kept  von\.  This  eonstruction  Ls  clearly  shown  in  Figs.  109 
and  IfiO.  The  ^neral  a|)pear.»nce  of  (he  ntachine,  which  does 
not  differ  greatly  from  the  foreign  form.  Is  shown  in  Fig.  161. 
Thtt  regulation  uf  the  machine,  in  accordance  with  the  num- 
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As  is  often  the  rase  with  important  dist'overies.  M. 
Gramme^s  labors  had  been,  unknown  to  hira,  prect'tded  by 
analogous  studies,  carried  on  in  186(1  by  an  Italian  student, 
M.  Pacinotti,  t4>-day  professor  at  the  University  of  C'agliari. 

The  original  model  of  this  inventor  (Kig.  152),  which  was 
shown  at  the  International  Electrical  Exhibition  at  Paris  in 
1881,  present  so  snrprising  a  resemblance  to  M.  Gramme's 
machine,  that  we  are  obliged  to  ask  why  M.  Pacinotti's  ma- 
chine remained  completely  lor:gotten  tintil  the  extnwirdlnary 
success  of  M.  Gramme's  machines  made  known  its  value.  It 
is  without  doubt  because,  at  the  lime  when  the  learned  Italian 
made  his  researches,  the  principal  direction  of  such  work  was 
to  produce  motive  power  by  means  of  electricity,  and  his  ap- 
paratus was  intended  to  be  an  electro-motor ;  under  this  foiin 
they  were  necessarily  doomed  to  impot<^n<'e  as  long  as  they 
were  obliged  to  use  batteries  for  the  production  of  the  elec- 
tricity. 

Forthermore,  the  inventor,  then  only  a  student,  was  very 
soon  engaged  aa  assistant  to  Donati  in  the  Astronomical  Ob- 
servatory of  Florence,  and  obliged,  by  the  requii-euieuts  of 
this  position,  to  direct  his  attention  to  other  studies. 

M.  Pacinotti  shows  clearly,  in  the  description  of  his  ma- 
chines, publiahtKl  in  1804  by  a  scientific  ItJilian  journal,  "U 
Nuovo  Clmento,"  that  it  was  doiibtleas  possible  to  transform 
his  electro-motor  into  an  electro- magnetic  generator  of  contin- 
uous cuiTcnts  ;  but  he  did  not  appreciate  tht^  vast  importance 
of  this  transformation,  and,  the  circumstiiuces  nut  tending  la 
such  a  direction,  he  gave  up  his  experiments  on  the  subject. 
We  must  add  hei-e  that  the  jury  of  the  Exhibition  has  recog- 
nized the  merit  of  M.  Pacinotti's  inventions,  and  lias  decreed 
him,  at  the  same  time  with  M.  Gramme,  the  highest  award  at 
its  disposal,  the  diploma  of  honor. 

In  M.  Pacinotti's  machine  the  field  magnet  is  an  electro- 
magnet, whose  poles  spread  out  into  the  are  of  a  circle,  within 
which  the  armature  ring  rotates,  which  th*^  inventor  calls  the 
troTt^versal  el  echo -magnet ;  it  is  a  ring  of  irrm  provided  with 
exterior  projections,  between  which  the  coils  of  copper  wire 
are  wound.  These  roils  are  all  wound  the  same  way,  and  the 
ends  of  the  wires  are  soldered  U>  jus  many  pie<;ea  of  copper  im- 
bedded in  a  woodeD  drum,  whiuh  form  a  commutator,  against 
Id 
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which  two  metallic  robbers  press ;  the  passage  of  the  cuirent 
throngh  the  coils  mngnetizes  the  annnlnr  iron  rins?,  which  can 
be  considered,  in  the  words  of  M.  Pacinotti,  as  funned  of  two 
semicircular  ma^ets  connectwi  by  their  similar  poles.  The 
magnetic  poles  of  the  ring  beiny:  attract^  and  repelled  by  those 
of  the  tixed  electru-mupiet,  the  ring  acquii-es  a  movement  of 
rotation.  The  same  current  circulates  successively  in  the  wire 
of  the  ring  :ind  in  (he  m:ignetizing  ci»il8  of  the  field  maj^met-s. 

By  showing  how  his  motor  could  be  transformed  into  a 
genei-ator  of  electricity,  M.  Pacinotti  explains  the  method  of 
producing  cuiTents  of  the  same  direction  and  the  rules  to  be 
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followed  in  placing  the  rubbers  in  position.  Here  was  the 
germ,  as  e^rly  as  1860,  of  all  that  constitutes  the  best  actual 
machines  ;  and  we  should  add,  furthermore,  that  M.  Pacinotti  , 
himself  had  been  prccodecl  eight  years  by  an  American  sa- 
vant, Mr.  Page,  well  known  among  electricians.  In  1852  Mr. 
Page  hjul  rfmstrurte<l  in  Wa.sliington  n  motor,  with  circular 
electi'o-magiieta,  with  Miiidi  Ii«  suca?edf?d  in  driving  a  small 
locomotive. 

Among  tlu!  pn^deccswirs,  not  yet  generally  known,  of  the 
Gramme  machine,  we  must  citti  the  oue  patented  and  tx>n- 
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structed  in  18(56  by  M.  >Vorma  de  Roniilly,  on  a  theory  far 
different  from  that  which  guided  M.  Gramme.  He  also  wound 
Ms  seciiunal  bobbins  in  revei-de  directions,  which  forced  him 
to  redkect  the  currents.  We  have  already  explained  tliat 
this  redirection  was  impracticable. 

The  Electrical  Exhibition  in  Paris  has  also  shown  us  a 
model  of  much  older  date,  as  it  goes  back  to  1842.  It  is  a 
motor  invented  by  M.  Klias,  which  was  exhibited  in  the  Dutch 
section.  All  the  elements  of  modem  machines  are  found  here 
in  principle — windings,  commutation,  etc.;  all  this,  it  is  true, 
in  the  function  of  motor,  as  with  M.  Pacinotti.  Thus  a  quarter 
of  a  century  wa.s  lost,  l>ecause  the  question  had  been  wrongly 
put,  and  because  the  world  had  never  da^eamed  of  perfecting 
the  apparatus  for  production  before  the  one  destined  to  util- 
ize the  current. 


CUAPTER  ^'11. 


TSE  81EUSSH  UACHL\B8. 

Tii£  two  firms  of  Messrs.  Siemens  Bi-othera  and  Siemens 
and  HaJske  use  for  their  actual  lighting  two  types  of  ma- 
chines, whose  construction  is  due  to  M.  lleffner  von  Alteueck : 
one  is  of  the  continuous- current  type  and  dates  back  to  1872 ; 
the  otker.  of  alternate  currents,  dales  from  1878.  We  shall 
study  both  at  once,  for  they  generally  work  together,  one 
serving  ns  pxciter  for  the  other. 

The  rontinunn.s-cttmmt  machine  (Fig.  IfiS)  has  for  a  field 
two  elt'ntro-nmgnpt.s  with  consequent  poles ;  these  i)oles,  in- 
stead of  being  massive  like  those  of  M.  Gramme,  are  formed 
of  bai-s  of  R()ft  imn,  Imnt  in  tin?  luvi  of  a  rirele^  and  an-anged 
one  ah>ngside  nf  tlm  other  without  toucliing,  so  timt  air  rir- 
.culates  in  the  intervaLs,  and  contributes  to  the  prBventi<m  (if 
the  lienting  of  the  mnrliine. 

The  su<;on(Iary  eoil  or  aniiature  differs  essentially  from  that 
of  M.  Gramme ;  it  is  a  cylinder  of  iron,  which  is  nearly  three 
times  as  long  as  Its  dijimeter ;  the  copper  wire  is  wound  ex- 
clusively around  this  cylinder,  iiarallel  to  the  axis  of  rota- 
tion ;  it  does  not  return  through  the  interior.  It  1%  then,  the 
branches  diametrically  oppoaed  to  each  other  of  one  and  the 
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same  helix,  whirli  are  simultaueoUHly  subjected  to  induction, 
while  iu  the  rinf?  of  M.  (Jnimme  it  in  the  two  heliees  situated  at 
the  extreniitie!*  of  the  same  diaiuet'er  which  are  subjected  at 
the  same  time  to  the  action  of  the  field  magnets ;  it  follows 
that  in  the  latter  system  it  is  the  wires  situated  in  the  interior 
of  the  jing  that  can  be  considered  infietive,  if  it  be  admitted 
that  the  iron  core  serves  as  a  sort  of  magnetic  screen  ;  in  the 
dnim  of  Ileffner  von  Altene<;k  it  is  the  portion  of  the  wires 
which  cross  each  other  on  the  extremities  of  (he  cylinder  that 
are  inactive.     It  can  be  deduced,  then,  that,  under  eqaal'j 
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conditions,  the  superiority  of  one  system  over  the  other  can- 
be  estimated  from  the  relative  proportion  of  the  active  to  the 
inactive  wire. 

To  couslruct  this  drum  wooden  di.sk.s,  wMcU  constitute  a 
primai-y  core,  are  arranged  on  the  shaft  of  the  machine,  one 
beside  the  otlier,  on  which  several  layers  of  nnneuled  iron 
wire  are  circularly  wound.  This  first  envelope  is*  designed 
to  charge  the  magnetic  Held  of  the  inducing  poles.  The  drum 
thus  formed  is  covered  again  with  taffut-n,  varnished  with  an 
iusiLlating  compound,  and  it  is  terminated  by  winding  the 
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copper  wire  longitudinally,  us  haa  been  said  above.  This  wire 
is  divided  into  an  equ:il  number  of  bundles,  or  coils,  placed 
one  beside  the  otiier,  and  connetrfed  by  their  inlet  and  outlet 
wires ;  the  whole  forms  an  endless  circtiit,  which  can  be  un- 
derst^iod  fr.>m  an  inspection  of  the  characters  of  Vi^.  165.  in 
which  the  coils  are  supposed  to  be  reduced  each  one  to  a. 
single  wire. 

Tlie  junctions  of  the  coils  are  connected  to  plates  of  a  com- 
motator  analogous  to  that  of  M.  Gramme,  aud  fastened  upon 
the  same  shaft  as  the  dram.  Fig.  IGQ  shows  the  diagram  of 
these  connections ;  it  will  be  seen  that  they  are  so  arranged 
that  the  total  circuit  uf  the  coils  is  always  divided  into  two 
halves,  in  which  the  currents  go  in  opposite  directions  and 
unite  at  the  two  diametrically  opposite  plates  of  the  cctmmu- 
tator. 

Thus  from  c  to  ff  and  from  ^  to  c  the  circnits  are : 
c6  5'    dir    e'l'l   /4'4    ff 

-    +    -+-    -I--    + 
cSff    *2'2    rt88'    A6G'   ff 
-+-    +    -+-    + 
If  the  drum  and  the  commutator,  whose  movements  coin- 
cide, continue  to  tm-n  in  the  direction  of  the  arrow,  it  is  th© 
plates  b  and  /  which  come  opposite  the  rubbers,  and  the  clr- 
coiCa  become ; 

These  machines  are  built  of  two  tj^jes,  that  only  differ 
in  the  position  of  the  field  magnets,  which  are  sometimes 
placed  vertically  and  .sometimes  horirxmtjilly.  They  serve  not 
only  as  exciters  for  all*? mate- current  machines,  but  are  also 
employed  for  the  production  of  tlie  more  iutenne  of  the  elec- 
tric lightii,  such  as  those  of  light- house,  war,  and  marine  ap- 
paratus. There  are  fotir  models,  designated  by  the  letter  D, 
whose  respective  conditiems  are  as  follows : 


6  3  3' 

c5  5' 

dir 

eVl  f 

-    + 

-    + 

-  + 

-  + 

ftS2' 

aS^ 

A  6  6' 

ff4i'    f 

—    + 

-    + 

h 

-   + 

)i.ictnxc». 

Ilona-iwwvr. 

Nombcr  trf  rrrolKUooa  per 
mUuU. 

1,100 

ligbl  invdnond  In  lamatit 
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fia.  Idlt.— Dto^nin  ol'  the  triodin^  of  thn  Bcfibar  voo 
AltcQm'k  (IniiD, 


The  machine  D'  U  a  very  small  machine,  which  makes 
about  I,aiX)  revolutions,  and  is  only  employed  as  exciter. 

The  alttirnating-ciirreiit  marhiues  of  Mr.  Siemens  havo  one 
pe<Miliarity  wliich  raiiMt  tutt  be  pa-ssed  over  ;  the  inm  coi-es  of 
the  armature  are  entirely  supprcMsed,  and  the  only  indnction 
utilized  'm  that  which 
ia  pnidueed  directly 
in  the  wires  ctmipns* 
ing  it  (Fig.  167,1.   The 
moving  part  is  light- 
er, and  (he  princiiml 
cauMe  of  beiiting  is 
done  away  with. 

The  inductors  are 
straight  electro-mag- 
nets,   divided    into 

two  paiullel  series  placed  facing  ea«h  other ;  they  are  fastened 
in  a  cirele  on  the  inner  sides  of  two  cast-iron  fmmes  bolted 
vertically  on  a  cast-iron  base  and  siolidly  crosa-bniowl ;  the 
cores  terminate  in  polar  plates^  formed  into  sectors.  The 
consecutive  poles  of  each  series  are  of  opjMJsite  {KJlarity,  and 

unlike  poles  are  placed  op- 
posite each  other.  All  the 
magnetizing  coils  of  these 
.  electro-magnets  are  wound 
in  the  same  direction,  and 
it  i.s  by  changing,  by  the 
way  of  fastening  the  inlet 
and  tmilet  wires,  the  <lirec- 
tion  of  current  traversing 
them  that  their  polarities 
are  reversed. 

The  armature  is  oom- 
poswl  of  nonmagnetic  bob- 
bins, whose  wjre.sare  wound 
around  wooden  cores,  fast- 
ened between  C(»pper  disks ;  holes  piereed  in  these  x>enniti 
the  air  to  carry  off  the  small  nmmint  of  heat  which  can  be 
developed  in  the  wires.  Theso  bobbins  are  equally  elougatetl 
in  the  form  of  sectors,  and  are  fastened  by  their  disks  ai-ound 
a  brenze  wheel;  the  whole  arrangement  presents  the  apjwar- 
ance  of  a  flat  disk,  which  rotates  between  the  two  circles  of 
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indnctors,  or  field  magnets,  whose  influenrxs  it  receives  later- 
ally, while  the  preceding  systems  are  intlaenoed  cylindricaUy. 
The  central  part  of  the  brass  wheel  is  supplied  with  a 
wooden  difik  to  which  the  wires  from  the  bobbine  are  attached, 
either  directly  together  or  by  means  of  friction-rings.  The 
annatnre  bobbins  are  connected  either  in  tension  or  in  quan- 
tity, as  may  be  required  ;  they  form  thus  one  or  more  series 
whose  currents  are  separately  collected ;  each  of  these  cur- 
rents leaves  the  machine  by  a  special  ring ;  but  all  retura  to  a 
common  ring,  a  little  lai^er  than  the  others. 


J» 
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Tu,  m.—JUUmaiUDg-eumnt  nuchintt  of  Hvffbtr  von  Altanvdc. 

There  are  three  types  of  these  machines,  designated  by  the 
letter  W,  haWng  the  cjipacity  of  supplying  one,  two,  or  four 
circuits. 

W\  with  10  bobbins,  running  at  the  rate  of  500  revolutions 
per  minute,  anil  of  sufficient  capacity  to  supply  16  to  32  of 
Siemens's  differential  liini]>H,  with  the  niachini?  I)*  aa  exciter. 

W,  with  12  bobbins,  making  0(X)  revuhitions,  and  of  capa- 
city to  t!U])ply  12,  16.  and  2(>  lampH,  with  the  machine  D"  as 
exciter. 

W,  witli  8  bobbins,  imikiiig  700  revuluttona,  and  of  capa- 
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city  to  Bupply  4«  6,  8,  or  10  lamps,  with  the  machine  D^  as 
exciter. 

M.  Heffner  vim  Alteueck  b:iM  succ^edtid,  by  several  very 
ingenious  modificutioiui,  in  LniUnfurmiug  thus  ulttimate'Current 
machine  into  a  ccmtinuouH  currBiit,  one  which  only  contains 
one  rommutati^r  and  two  bruslieB,  whatever  be  the  number  of 
field  magnets.  This  o^jens  a  new  way  lor  the  construction  of 
generatora  yet  more  powerful  than  the  machines  with  four 
field  magneto  already  existing,  such  us  the  octagonal  machine 
of  M.  Gramme,  of  wlncli  we  have  already  sjioken,  and  the 
magneto-electric  niarliine  of  the  sjinic  kind  constructed  by  M. 
de  Meritens,  n  marhine  which  we  shall  examint>  further  (m. 

Hen;  we  shall  not  enter  upon  this  very  interesting  study, 
one  tliat  at  tlu)  same  time  is  very  oomjilifuit^d  ;  we  n:fer  to 
the  stufly  of  the  course  <if  the  rummts  in  this  class  of  ma- 
chine,  and  the  method  of  collecting  them  ;  such  ul  our  readers 


Flo.  IBB.— Dtai^nun  ornmuture  and  Bold  onil*  of  Vi-mnU  iiuMiIunA. 


as  are  interested  in  these  special  qnestions  will  find  them 
treated  In  the  review  of  the  machines  of  the  Paris  Electrical 
Exhibition,  published  by  "The  G6nie  Civil"  (November  1, 
1881). 

[An  alteniating-cuiTent  machine,  of  the  same  general  ap- 
pearance as  the  Siemens,  but  which  dlflei-s  materially  from  it 
in  the  construction  of  its  ai-niature.  has  been  designed  by  Sir 
William  Thomson  and  M.  Ferranti.  The  field,  like  the  Sie- 
mens, consists  of  two  circular  sets  of  bobbins  with  ij-on  cores, 
between  which  the  armature  revolves.  The  armature  wire, 
instead  of  being  wound  in  coils,  however,  is  in  the  form  of  a 
zigzag,  as  shown  in  Fig.  108  by  the  dark  band.  One  end  of 
this  is  attache*!  to  a  ring  on  the  axle,  and  the  other  to  a  simi- 
lar ring  insulated  from  both,  and  the  current  is  taken  off  by 
two  rubbers  bearing  upon  the  rings.    The  field  magnets  are 
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excited  by  a  separate  coDtinuou^cnrrent  machine.  An  arma^ 
ture  of  this  form  has  the  advantages  of  little  liability  of  over- 
healing  and  low  rost  of  niiuiiifurture. 

Th«  largest  djmumo  which  ha.s  yot  l)e«a  constructed  is  an 
alternating-current  one  d&signed  by  Mr.  J.  K.  11.  Gonlon,  and 
shown  in  l^^g.  160.  It  runsi»t.s  esseutially  of  a  centrul  diak 
caiTying  electro- ma/^nets,  and  revolving  l»etween  sets  of  simi- 
lar electnj-maguetjs  on  each  side  vi  it.  The  rotating  jKirtion 
is  the  held,  and  the  Htationai-y  electro- magnets  the  iumature. 
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Tills  latter  contmns  128  coils,  ft4  on  each  side,  this  being  twice 
aa  many  as  in  the  rotating  part.  The  coils  of  the  revolving 
magnets  are  excited  by  a  separate  confirm  on  s-cnrrent  ma- 
chine, as  is  the  field  of  the  Ferranti.  TTie  machine  has  a  total 
weight  of  eighteen  toas  that  of  the  revolving  part  being  seven 
tons.  Its  diameter  is  eight  feet  nine  inches,  and  it  is  de- 
signed, when  the  machine  is  giving  its  maximum  current,  to 
be  driven  at  2(H)  revolutions  per  minute,  and  supply  7,000  slx- 
teen-candle  incandescent  lamps.] 


PRODT70TION  OP  ELECTRIC  OtTRRENTS. 

CIIAITER  Vin. 

XEOEIfT  JfYXAMO-BLUCrniC  MACIUSKS. 

Thk  systems  of  Xe^srs.  Siemens  and  M.  Gramme  have 
given  rise  t«  two  or  tliree  others  of  the  same  kind,  whose 
inventors  were  content  to  combine  in  different  ways  organs 
and  iwirts  borrowed  from  the  preceding  machines,  with  slight 
modifications.  The  machines  of  Mr.  AVeaton  and  Mr.  Maxim, 
and  even  that  of  Mr.  £dis«iQ,  are  nf  ihis  number. 

I.  Weston  Machine. 

Mr.  Weston  had  exhibited  in  Paris,  in  1878,  a  dynamo- 
electric  macliine  constructed,  for  electro- plating,  which  does 
not  concern  as  ;  it  was,  moreover,  described  in  1S70,  in  th» 
journal  "La  Liiniiere  EleLtriijue."  We  shall  only  examine 
the  new  cuntmuuus-curreQt  machine. 

As  Fig.  170  shows,  this  muchiue  resembles  in  the  form 
of  its  lield  nmgnets  the  machine  of  M,  Gramme,  and  in  its 
form  of  armature  th*-  machine  wf  Mi-.  Siemens ;  it  only  differs 
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from  tliesf!  in  some  details.  Thus  the  poleR  of  the  fii-Ul  mag- 
netH  ai"e  divided  by  open  slotH,  deHigiied  t«)  prevent  th(i  pro- 
duction of  Foucault  cuiTentft,  and  to  facilitate  ihe  circuhition 
ot  air.  The  slots  thus  rnt  out  are  short-er  in  the  middle  than 
at  the  extremities,  which,  according  X^^  the  inventor,  insures 
more  regularity  in  the  production  of  the  currents. 

[The  armatum,  wound  willi  its  wir'e,  is  shown  in  Pig.  171, 
and  tiie  core  in  Fig.  173.  This  latter  is  composed  of  a  nom- 
ber  of  toothed  disks  of  sheet-iron  (Fig.  173),  which  are  stmng 
on  the  .siuiit  and  separated  fit>m  each  other  by  insnlating 
washers.      These  dislui  and  the  washers  are  }}erforated  to 
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allow  the  circulation  of  air.  The  ^vire  is  wound  lengthwise  in 
the  grooves  between  the  projecting  teeth.  The  commutator  is 
clearly  shown  in  Fig.  170.  The  plat*;s  were  formerly  arranged 
spirally,  hut  they  are  now  couKtructed  like  tJicnse  of  the 
Gramme  and  other  ma<;hines.     The  brushes  are  ffimied  of  a 
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number  of  strips  of  sheet-copper,  and  an-  mnunted  in  such  a 
munuer  that  their  position  on  the  commutator  tan  be  nsuJily 
charged  by  nieauH  (if  the  handin  shown.  The  field  maf^iets 
are  pla<'.ed  in  a  shunt  circuit  in  both  the  arc  and  incandes<*«ut 
nmt^hine.] 

At  the  Palais  de  I'ludiistrie  two  Weston  nuichines  sup- 
plied eight*^en  Irimiks  of  the  same  inventor  with  an  ex}>endi- 
ture  of  eighteen  horse- i)«)wer. 


7 


II.  Maxim  MAcnirfE. 

Hiram  S.  Maxim^s  machine  presents  the  reverse  combina- 
tion of  the  one  just  described  ;  the  field  magnets  are  identical 
with  those  of  the  Siemens  continnons-cur- 
rent  machines,  and  the  armatai-e  is  a  Paci- 
Qotti  and  Gramme  ring  a  little  elongated ; 
but  what  is  most  interesting  Is  the  genera! 
arrangement  adopted  to  obtain  with  tli-s.- 
machines  a  combination  suited  for  lighting 
by  incandescence,  and  the  current-regulator, 
invented  by  Mr.  Maxim  to  maintain  the  pix>- 
duction  of  a  lighting  current  in  exact  pro- 
portion to  the  demand  made  upon  it.  It 
forms,  with  the  lamp  of  the  same  inventor, 
a  complete  system  in  whi<~h  all  the  conditions  of  the  problem 
seem  fiiltilled,  and  which  it  appears  haa  successfully  worked 
for  some  time  in  New  York. 

This  system  comprises  one  or  more  machines  for  snpply- 
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The  elements  of  the  two  murliines  are  the  same :  the  field 
magnets  ai-e,  as  we  have  said,  electro-magnets  identical  with 
those  of  Mr.  Siemens.  Tlie  annular  armature  is  arranged  UJte 
Pacinotti's  ring  and  Weston's  dnim  ;  it  is  foi-med  of  a  series 
of  sheet-iron  washers,  cnt  ont  by  means  of  a  die.  with  fifteen 
projections  distributed  on  their  exterior  circuinferf'nce.  A 
sufficient  number  of  these  washers  are  placed  together,  sepa- 
rated by  sheets  of  paper,  so  as  to  form  a  hollow  cylinder 
whose  interior  surface  is  smooth,  and  whose  exterior  surface 
has  fifteen  longitudinal  projections  or  ribs,  between  which  the 
wli-e  is  wound.  The  wire  is  wound  ti-ansversely  (longitudi- 
nally along  the  outside  and  inside  of  the  cylinder,  as  in  the 
Gramme  ring),  and  is  divided  into  sections  whoee  incoming 
and  outgoing  ends  are  fastened,  two  by  two,  to  the  plates  of 
a  cotnmntator  analogous  to  that  of  M.  Oramme.  Tlie  brushes 
are  double,  and  one  is  longer  than  the  other,  so  that  there  is 
always  one  at  least  in  contact  with  the  plates  of  the  com- 
mutator. This  arrangement  had  aU-eady  been  adopted  by  Mr. 
Siemens.  The  opetungs  which  the  ribs  of  the  ring  form  be- 
tween the  wires,  have  for  object,  as  in  ^Veston's  drum,  the 
facilitating  the  cooling  by  the  circulation  "of  air  caused  by  the 
rotatiun. 

In  the  large  machines  which  supply  lamj>»  (Fig.  174).  the 
armature  ring  is  doubled,  of  which  we  have  seen  an  example 
in  certain  machines  of  M.  Gmmme.  The  coiU  of  wire  are 
wound  half  to  the  right  and  h;Uf  to  the  left,  iuid  conneclett  to 
two  commutatoi's  placed  at  each  end.  The  two  cuiTent^  thus 
collected  can  be  used  sejrarately  ;  but  for  incandescent  lamps 
they  are  preferably  connected  in  quantity,  a  single  ciitiuit 
only  being  formed,  on  which  the  lamps  are  placed  in  multiple 
arc.  Again,  mixed  lighting  can  be  done,  half  of  the  ring 
being  uiaed  for  incandescent  lamps,  and  the  other  half  for 
one  or  two  voltaic  arc  regulat4)i-s.  All  these  groupings  are 
made  very  easily  by  means  of  a  i>lug  commutator,  shown  on 
the  top  of  the  machine. 

The  exciting-machine  (Figs.  ITfl,  17(1)  is  genemlly  le,ss  pow- 
erful ;  the  ring  is  not  duplex,  and  there  is  only  one  commu- 
tator with  one  pair  of  brushes  ;  but  the  plates  of  this  commu- 
tator are  brought  togetlier,  two  and  two,  at  their  ends,  so  aa 
to  form  a  series  of  very  prolonged  Vs.  This  diflfers  a  little 
from  the  armngnment  in  helices  of  the  commutator  plates  of 
Mr.  VVeston,  but  leads  to  the  same  result. 


BEOENT  DYKAMO-ELECTRIO  MACIliNES. 


871 


Btand  iTa  mechaniam  it  must 
be  rwiiienibered  Ihat  the  in- 
tensity of  the  lighting  cur- 
pent  is  pntjiortionai  to  the 
power  of  the  field  mag:uet8, 
and  that  this  depends  in  its 
tnrn  on  the  intensity  of  the 
exciting  current,  Jind  that,  if 
this  last  is  made  to  vary,  the 
two  other  elements  are  at  the 
same  time  modified. 

To  vary,  according  to  the 
seeds  of  the  case,  the  inten- 
sity of  the  exciting  ciuTent, 
Mr.  Maxim  had  recourse  to 
displacing  the  bnishes  on  the 
conimiitJitor ;  wt;  have  seen 
that  the  currents  are  com- 
pletely collected  when  the 
brnshea  are  placed  so  that 
the  two  halves  of  the  arm- 
ature coDtaJu  each  one  an 
e^iual  muiil>er  of  helices, 
traversed  by  the  currents  in 
the  same  direction,  only  op- 
posed one  half  to  the  other. 
If  the  brushes  ar-e  removed 
from  this  ]>osition  the  cur- 
rent which  (hey  collect  di- 
minishes, because  each  of  the 
two  halves  of  the  annature 
contains  at  the  same  time 
helices  traversed  by  currents 
of  opposite  direction,  which 
nentraliKe  each  other  in  [»art, 
and  whose  difference  or  ex- 
cess al(jne  is  collected.  If 
the  displacement  is  rairried 
out  until  an  angle  of  ninety 
d^rees  is  reached,  the  hel- 
ices tniverscwi  by  the  riirrcnts 
of  opposiU;  direction  will  be 
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divided  into  equul  numl>ers  in  each  of  tlie  halves  of  the  ring; 
the  neutnilizatiuu  will  Ih>  L-omplete,  and  no  current  will  Jw 
a)Uected.  Thus  the  displarcment  of  the  armature  itrushes 
can  reduce  the  exciting  ctirrent  from  Us  maximum  to  zero ; 
at  the  same  time  it  governs  the  power  of  the  field,  and  in 
consequence  the  production  of  the  lighting  current. 

The  brashes  are  mounted  on  an  independent  support, 
which  can  receive  a  rotary  movement  by  the  action  of  a 
toothed  sector  and  a  series  of  oog-wlieels,  which  is  shown 
at  the  right  of  the  flrst  &gui% ;  the  system  comprises  two 
ratchet-wheels,  placed  vertically  one  over  the  other.  These 
wheels  can  be  actuated' by  a  horizontal  lever,  to  which  the 
main  shaft  of  the  machine  communicates,  by  light  gearing,  an 
oscillaiorj'  movement.  This  lever  has  on  both  faces  a  ."minU 
tooth,  by  wliicli  it  turns  one  or  the  other  of  tlie  two  ratchet- 
wheels,  awxirding  to  whether  it  is  raised  or  lowered ;  bnt 
when  it  i.s  horizontal,  the  separation  between  the  two  wheels 
lets  it  pass  fi-eely. 

The  magnetic  part  of  the  regulator  comprises  two  dis- 
tinct electro-magnets,  having  each  one  different  and  succes- 
sive functions,  the  second  only  acting  as  a  safety  apparatus, 
if  the  first  is  insufficient,  and  to  give  it  time  for  acting. 
Both  ai-e  wound  with  Uue  wire,  forming  .shiiuts  lo  the  lamp 
circuit ;  the  second  has  a  slightly  greater  resistance. 

The  horizontal  lever  is  connected  with  the  armature  of  the 
first  electro- magnet :  an  opposing  spring,  regulated  by  hand, 
pulls  this  armature,  whose  course  is  limited  by  two  abutting 
screws.  When  one  or  more  lamps  are  extinguished,  the  cur- 
rent becomes  too  intense  for  the  lamps  that  remain  ;  but  now 
the  derived  current  increases,  the  electro-magnet  attractis  ita 
armature,  the  lever  drops  down,  and  one  of  ita  teeth  engages 
with  the  lower  ratchet-wheel.  The  oscillatory  movement  of 
the  lover  det^'rnnnes  the  rotation  of  the  .system,  and  conse- 
quently that  of  the  bnish -carriers.  These  approach  the  neu- 
tral point ;  the  exciting  current  diminishes,  which  diminution 
is  f(jllowi;d  by  all  the  con-snquenoes  we  have  already  indicated. 
This  displacement  of  the  brushes  continues  to  be  effected  aa 
long  as  the  lighting  current  has  not  attained  the  degree  of  in- 
tensity corresponding  to  the  number  of  lam]>9  in  use ;  at  this 
moment  of  equilibrium  the  derived  circuit  grows  weaker,  the 
electi-o- magnet  relaxes  a  little  its  attraction  for  its  armature, 
and  the  toothed  lever  taki^a  the  horizontal  position ;  the  ratch- 
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et-wliee]s  remiiin  niotionless.  If  new  lamps  are  lighted  again, 
the  current  in  the  shunt  circuit  grows  still  weaker ;  the  oppos- 
ing spring  draws  the  armature  entirely  away,  and  lifts  up 
completely  the  toothed  lever,  which  acts  then  upon  the  upper 
ratchet-wheel.  A  reverse  movement  of  the  brushes  is  the 
result,  which  approach  the  points  where  the  current  collected 
will  attain  its  maximum.  The  power  of  the  field  magnets 
is  increased,  and  the  intensity  of  the  lighting  current  again 
becomes  of  the  necessary  strength. 

It  will  he  seen  that  the  whole  regulation  depends  upon  the 
opposing  spring,  and  that  it  suffices,  to  increase  or  diminish 
its  tension,  to  raise  or  lower  the  intensity  of  all  the  lamps ; 
they  can  be  reduced  to  simple  tapers. 

To  insure  the  absolute  regularity  of  the  light,  the  regulator 
must  he  mnde  very  sensitive;  from  this  the  inconvenience 
follows  that  it  acts  very  slowly,  so  tluit  if  a  large  numl>er  of 
lamps  are  suddenly  extinguished  the  intensity  of  the  current 
does  not  diminish  rapidly  enough  for  the  preservation  of  the 
remaining  lamps ;  here  the  second  electro-magnet  plays  its 
part,  being  excited  by  the  considerable  increase  in  the  derived 
ctUTent.  It  acts  by  placing  the  two  brushes  in  communica- 
tion by  a  cross  circuit  of  no  resistance ;  the  field  magnets 
receive  no  longer  any  exciting  current,  and  in  consequence 
the  lighting  current  immediately  weakens:  sometimes  even 
all  the  lamps  go  out,  which  is  an  excess  in  the  way  of  preser- 
vation which  must  be  avoided.  The  weakening,  however,  is 
only  of  very  short  duration,  because  the  derived  current  ceases 
at  the  same  time,  and  all  the  armatures  of  the  electro-magnets 
take  again  immediately  their  respective  positions. 

This  system  of  r^^ulating  is  very  ingenious,  although  com- 
plicated ;  it  appeared  to  have  worked  very  well  in  America 
and  in  Ihigland ;  there  was  no  way  of  tj-jing  it  at  the  Paris 
Exhibition,  doubtless  on  account  of  the  conditions  of  the  in- 
etuUation.* 

III.   Kdibon  Machine. 

[The  GdJson  machine  is  of  the  Siemens  continuous-current 
type,  though  it  differs  from  it  in  constructive  details.  Being 
designed  to  work  on  a  circuit  *^if  low  resistance,  it  was  neces- 

*  [This  method  of  ngulatioo  Uiw  h<avn  nbNndoDod  In  th.i»  ooantrr  bj  tliv  com- 
panj  using  the  Maxim  IncandMoont  Inoip,  in  favor  of  a  spccld  wlodiog  of  the 
njachine  stipplfing  Uie  lamp  circuit,  dMcrilmt  in  the  DAzt  book.] 
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sary  to  make  the  resistance  of  the  armatai'e  as  small  ns  pos- 
sible, and,  to  do  this  and  yet  get  sufficient  elwfro-motire 
force,  Mr.  Edison  soiighi,  to  make  the  niii^netic  field  of  great 
sti-engrh.  To  this  end  he  has  constmcteil  his  field  magnots 
much  more  massive  than  those  of  other  marhinai,  and  haa 
greatly  inci-eased  the  length  of  the  cores  and  rho  wire  wound 
on  rUem.  In  the  smaller  machines  these  cores  are  n.snally 
placed  upright,  but  in  the  large  st-eam  dj-namos  nsed  at  cen- 
tral stations  they  are  arranged  horizontally.  Fig.  177  shows  a 
machine  of  the  former  kind,  and  the  huge  central  station  ma- 
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chine  sucli  iw  is  being  used  In  the  first  district  in  New  York, 
and  on  the  !I<ilbom  Viaduct.  London,  is  illustrated  in  Fig.  178. 
Besides  giving  a  stronger  field,  large  field  magnets  have  the 
advantage  of  greatly  Increased  magnetic  stability,  an  extreme- 
ly important  condition  in  securing  steadiness  of  the  lights. 
The  ai-matui-e  is  drum-shaped,  anil  is  wound  and  connected 
with  the  cfjmmntator  in  a  similar  manner  to  the  Siemens.  It, 
however,  differs  from  it  in  an  important  particular.  In  the 
Siemens  armature  the  wire  starts  from  a  commutator-plate, 
and  Ib  carried  a  number  of  times  arcmnd  the  cylindrical  core 
to  form  a  coU  of  many  strands.    It  Is  then  broaght  to  the  next 
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commutator-plate,  and  ft-om  this  same  plate  another  wire  is 
taken  and  like^vise  coiled  around  the  dnim,  and  then  linmght 
ui>  to  till!  next  plate,  and  so  on.  In  the  Edison,  instead  of 
the  wire  being  coiled  over  (he  drum  a  number  of  times,  each 
loop  is  bniught  Ut  the  suweswivp  cuiitmutator-pIateB,  so  that, 
starling  frum  one  plate,  the  wire  passes  lengthwise  along 
one  side  of  the  dnuu 
across  the  farther  end, 
back  along  the  other 
side  of  the  dram,  up 
across  the  end,  and  is 
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then  attached  to  the  ad- 
jacent commutator- plate. 
The  next  loop  starts  from, 
this  plate  and    is  carried 
in  a  similar  manner  to  the 
next  jilutp.   The  size  uf  this, 
wiiv  increases  with  the  di-' 
mensiona  of  the  machine 
until  it  is  replaced  by  copper  bars  connected  at  the  ends 
with  copper  disks.     This  construction  is  adopted  in  the  larger 
of  the  machines  designed  for  isolated  lighting  and  in  the  cen- 
tral-station dynamos.     The  indnctivc  portion  of  the  armature 
of  this  latter  machine  (Fig.  178)  is  composed  of  one  hundred 
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and  night  of  tlieae  Ixira,  arranged  at  eqiial  distances  around  a 
cylindrical  core,  (Tum  which  tlmy  are  inmilatetl.  These  bars 
are  connwrtetl  at  each  end  with  copper  disks  in  such  a  way 
as  Ui  form  a  metallic  circuit  along  one  bar,  ncrosa  the  end- 
disk,  nlrmg  thii  diametrically  oj)posite  hnr,  across  a  disk  at  the 
other  end,  then  along  the  \wt  next  to  tlie  first  one,  and  so  on. 
Aa  atattxl,  conni'ctious  with  the  commutator-plat<'s  are  made  at 
the  ends  of  ejich  bar  adjacent  (o  the  cnmniutat<ir.  The  arma- 
ture core  is  made  up  of  a  great  number  of  sheet-iron  washera 
strung  ujion  a  central  wooden  cylinder  and  insulated  from 
each  otlier  by  disks  of  tissue-paper.  The  details  of  construc- 
tion are  sliown  in  Fig.  170,  in  which  C  C  are  the  copper  disks, 
and  B  B  the  bars  attached  to  them  by  means  of  bolts.  Tlie 
eheet-iron  disks  forming  the  magnetic  core  are  shown  at  A, 
and  one  of  the  bolt>s  by  which  the  parts  of  the  nnnatnre  are 
securely  bound  together,  at  d.  The  commutator  is  shown  at 
D.  The  complete  armature  has  a  length  of  five  feet  and  a 
diameter  of  twenty-eight  inches,  and  weighs  over  four  tons. 
It  is  driven  at  a  speed  of  three  hundred  and  fifty  revo- 
lotions  a  minute  in  the  cylindrical  cavity  formed  by  the 
carved  faces  of  the  field-magnet  poles.  It  has  a  resistance 
of  only  00049  ohm.  The  field  magnets  consist  of  twelve 
cylindrical  coi-es,  wound  with  insulated  copper  wire^  which 
terminate  in  the  massive  pule-pieces  seen  in  the  front  of  the 
illustration,  and  are  connected  at  the  back  by  a  heavy  iron 
plate  or  yoke.  They  aie  placed  in  a  shunt  circuit — that  is, 
a  circuit  arranged  so  that  the  current  divides  at  the  brushes, 
a  part  going  into  the  external  circuit  to  feed  the  lamps, 
and  the  rest  circulating  in  the  coils  of  the  field  magnet. 
The  magnet  coils  are  connected  together  so  as  to  form  two 
circuits  having  a  total  resistance  of  twenty-one  ohms.  The 
machine  is  driven  by  a  Porter-AUen  horizontal  engine  of  one 
hundred  and  thirty  horse-power.  It  is  connected  directly  with 
the  armatfi re-shaft  without  the  intervention  of  belts.  The 
whole  apparatus,  inclnding  the  bed-plate,  weighs  about  thirty- 
tons,  (juite  recently  Mr.  Edison  has  modified  the  construction 
somewhat  so  aa  to  be  able  to  obtain  about  twenty  per  cent  more 
current  without  any  increase  of  the  cost  of  rajnstruction.  The 
present  machine  furnishes  a  current  of  eight  hundred  amperes 
under  an  electrical  pressure  of  one  hundw^l  and  fifle^jn  volts, 
while  the  new  one  give.s  om;  tliousand  ampt^res  with  a  press- 
are  of  one  hundred  and  twenty  volts.J 
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We  shall  terrainat©  this  review  of  the  machines,  adopted 
from  M.  Gramme's  system,  by  indicating  two  modificationa 
invented  for  better  utilixiug  the  jjortions  of  the  induced  wire 
whirli  art-  included  iu  the  iat«riur  of  the  ling,  so  tha,t  the  in- 
terim- wires  atv  wjiially  subjected  to  inductiwu,  and  contribute 
to  thH  jmiductiou  of  (-uriTents  instead  of  opposing  thereto  a 
useless  resistance.  M.  .lurgensen  has  gone  further ;  he  causes 
the  ring  to  move  between  two  tield  magnet* — one  interior,  the 
other  exterior.  The  exterior  magnet  is  composed  of  im  elec- 
tro-niagaet  with  two  arms,  whose  semicircular  poles  embrace 
the  ring  almost  completely,  in  the  oitlinary  maimer.  The 
wire  oT  file  magnetizing  coils  is  accumulated  behind  the  poies 
in  more  numertais  hiyers,  to  re-enforce  their  power. 

The  interiifr  magnet,  which  recalls  that  of  the  altemate- 
cunviit  mai-tiines  tiE  (rramme,  is  formed  by  two  straight 
electro- nmgnelH,  whose  poles  are  s|)n!ad  out  iu  the  form  of  a 
cylinder,  cnncentrin  with  the  ring.  This  inner  magnet  is  sta- 
tionary, and  HUppijrLed  so  tliat  the  ring  turns  freely  between 
these  double  poles. 


TV.   TlUNSrORMATroNS   OP  TUB  PRBCEDINO    MAOIlINTSft. 

One  of  the  first  means  inveiiti'd  for  diniinishing  as  much 
as  possible  the  (piantity  of  inactive  wire,  was  to  Ir-ansfonn  the 
cylindrical  riJig  iut*>  u  tiattened  disk,  on  who.se  faces  the  field 
magnets  acted  laterally.  It  was  thus  thai  were  fonued  a  new 
series  of  machines,  based  on  the  same  jmnciples,  and  differ- 
ing only  in  the  foi-m  of  urmatnre ;  such  are,  among  others,  the 
maciiinea  of  Messrs.  Scliuf^kert,  Ball,  Gillclier,  and  Brush. 
We  shall  examine  this  last,  which  is  interesting  from  the  re- 
snlts  which  it  gives,  and  from  the  pai-ticular  character  of  the 
system  of  lighting  of  which  it  forms  a  part. 

The  field  magnets  of  the  Brush  machine  cFig.  t8I)  are 
composed  of  two  very  powerful  eloctro-magnct*,  whosti  iirms 
an;  t*Tminated  by  polar  j)latf'H  in  the  form  of  scct<irs,  suffi- 
ciently extended  for  tlireo  of  the  armature  coils  to  \w  con- 
tained at  once  within  each  polar  space.  Here  it  is  the  similar 
yiolen  which  fnce  each  other.  It  follows  from  thi.s,  on  ai',c:ount 
of  the  form  and  thickness  of  the  armature  disk,  that  there 
are  four  mii^^netie  fields,  alternated  two  by  two. 

The  armature  ha.**  for  core  a  cast-iron  ring,  of  roctangnlar 
section,  in  which  are  formed  on  each  side  as  many  grooves  as 
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Fut.  169.— Cnxu- 
AUuLiuu  at  llie 
Brusii  ring. 


tliere  are  coUs  to  be  received ;  the  projections  that  are  left, 

and  which  separate  tlie  cuils,  fonn  a  series  of  polar  projections 

deai^^ed  to  react  laterally ;  the  division  is  made  in  even  nutn- 

bers,  so  that  th.e  coils  are  diametrically  opposite. 

^, .^  Four  concentric  graovea  are  cut  in  each  lat- 

/  \      eral  face  of  this  ring,  and  a  circular  grotive 

separates  it  almost  completely  into  two  disks, 
which  play  the  rule  of  two  juxtaposed  mag- 
netic screens  {Fig.  isa  and  183);  thus  the  for- 
mation of  load  currents  is  diminished,  and  a 
large  cooling  surface  is  obtained. 

The  armature  wire  is  wound  In  the  grooves, 
which  it  fills  completely,  so  that  the  lateral 
faces  of  the  ring  and  of  the  coils  are  In  the 
simie  ])lanc  (Fig,  184) ;  ail  the  coils  are  wound 
in  tlie  .sarnie  dirw^tion.  The  induction  currents 
produced  by  the  passia^i!  of  the  radial  wiree 
through  the  two  opposite  magnetic  fields  are  of  contrary 
direction,  not  only  on  each  of  the  faces  of  tlie  ring,  but  a-lso 
in  the  coils  situated  at  the  extremities  of  the  same  diameter, 
80  that  if  the  incom- 
ing wirf!  of  one  of 
them  hau  a  -f  sign, 
the  ijK^ijming  wire  of 
the  other  will  have 
the  —  sign ;  the  ct)ils 
are  coupled,  two  by 
two,  by  connecting 
their  incoming  wires, 
and  the  outgoing 
wires,  left  free,  rep- 
resent poles  of  con- 
trary name  of  each 
of  the  clrcuita  thus 
formed,  and  are  led 
to  the  commutatora. 
Instead  of  a  sin- 
gle commutator.  Mr. 
Bmsh  uses  as  many 

commutator  rings  as  there  are  pairs  of  induced  coils;  and 
each  of  these  commutators  is  diWded  into  three  insuhited 
segments  (Fig.  185) :  one  (C)  represents  only  one  eighth  of 
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Fia.  185.— 4^n]BB'-««(iioDof  Bnuh 
fommiiUlor. 


in  each  of  the  mterpolar  spaces;  there  remain,  then,  two 
in  the  neutral  spaces,  in  which  the  currents  pi-oduced  are 
insignilicant,  and  do  uut  comjwntuLtt^ 
for  the  loss  due  to  the  resistancf  of 
their  wii^es.  Mi-.  Bitish  has  pre- 
ferred to  vul  them  out  of  the  circuit 
at  the  moment  they  traverse  the  neu- 
traJ  spaces,  which  is  when  tme  of  the 
small  completely  insulated  segments 
passes  before  the  brushes. 

In  the  thi-ee  jKiii-s  of  active  coils, 
two  are  associated  in  ipiautily  by 
the  simultaneous  passage  uuder  the 
brushes  of  the  segments  rej)t-eseuting 
them,  and  sup]>Iy  the  workiug  current  of  the  outer  (TinMiit. 
The  tliird  pair  form  a  special  cii-cuit  devoted  to  the  exciting 
of  the  tield  ;  this  dis^Hisition  haa  the  a<lvantage  of  i-euderiug 
the  exciting  current  independent  of  variations  in  the  exterior 
circuit.  In  consequence  of  the  movements  of  the  ring,  these 
change  their  r<)h'8  alternately ;  but  the  dinsion  of  functions 
remfiins  the  same. 

[Though  so  widely  used,  the  Brush  dynamo  appears  lo  be 
but  little  understood.  It  seems  desirable,  thei-efore,  to  sup- 
plement the  desciiption  above  given  with  the  following  clear 
and  concise  explanation  of  its  mode  of  operation  by  Professor 
Sylvanus  P.  Thompson,  in  his  lectures  on  "Dynamo-Electric 
Machinery,"  before  the  Society  of  Arts. 

"Its  armature— a  ring  in  form,  not  entirely  overwound 
with  coils,  but  having  projei*ting  teeth  between  the  coils  like 
the  Pacinotd  riug— is  unique.  Tliough  it  thus  resembles  Paci- 
notti's  ring,  it  differs  more  from  the  Paciuotti  armature  than 
that  armature  differs  from  those  of  Siemens,  Gramme,  Edison, 
Burgin,  etc ;  for  in  nil  those  the  successive  secti^ms  ai-e  unitetl 
in  series  all  the  way  round,  and  rnnstidite,  in  one  s^-nse,  cme 
remtinuous  bobbin.  But  in  the  Brush  annature  rliere  is  no 
such  (Continuity.  The  r^uls  are  rcmnecteii  in  pairs,  each  lo 
that  diametrically  opposite  it,  and  rai'efuUy  isolated  From 
those  adjacent  to  them.  For  ench  pair  of  coils  there  is  a  6e|«i- 
rate  commutator,  so  that,  for  the  onlinary  ring  of  eight  coils, 
there  are  four  distinct  commutators  side  by  side  upon  the 
axiH— one  for  each  pair  of  coils.  The  brushes  are  arranged 
80  as  to  touch  at  the  same  time  the  commutators  of  two  paiia 
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of  coUa,  but  never  of  two  adjacent  pairs ;  the  adjacent  cora- 
mntators  being  always  connected  to  two  jMiira  of  coila  that 
lie  at  right  angles  to  one  another  in  the  ring.  The  arrjinge- 
ment  is  best  stndied  grai)hicaUy  from  the  diagram  given  in 
Fig.  186.     In  this  figuns  the  eight  coils  are  numbered  as  four 
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Fio.  186.— IMmrain  orBru>]i  Ajti».avo. 

pairs,  and  each  pair  ha«  It^  own  commutator,  to  which  pass 
the  outer  ends  of  the  ivin*  of  each  coil,  the  inner  ends  of 
the  two  roils  being  united  atinww  to  each  other  (not  shown  in 
the  diagram).  In  the  notiial  machine,  each  pair  of  coUs,  as 
it  passes  through  fhc  position  of  least  notion  (i.  e.,  when  its 
plane  is  at  right  angles  to  the  dirwition  of  the  lines  of  force 
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in  the  field,  and  when  the  number  of  lines  of  force  paf^Hing 
through  it  is  a  maximum^  and  the  rate  of  change  of  these 
lines  of  force  a  minimum)  in  cut  out  of  connecthjn.  This  is 
accomplished  by  causing  the  two  halv&s  «f  the  commutator 
to  he  separated  from  one  another  by  about  one  eighth  of  the 
circumference  at  each  sule.  In  the  tigure  it  will  be  seen  that 
the  coils  marked  1,  1,  are  'cut  out.'  Neither  of  the  two 
halves  of  the  commutator  touches  the  brushes.  In  this  posi- 
tion, however,  the  ciiils  \i,  3,  at  right  angles  to  1,  1,  are  in  the 
IioKiticm  of  iMist  action,  and  the  current  powerfully  indmied 
in  them  ihiws  nut  nf  the  brush  marked  a  (which  i.s,  thrn^fore, 
the  negative  brush),  into  that  maiked  a'.  This  brush  js  con- 
nected across  to  the  brush  niurked  b,  where  the  current  re- 
enters the  arniaturii.  Now,  the  coils  3,  2,  have  just  left  the 
position  iif  best  action,  and  thf!  c<»ils  4,  -J,  ai*  be^uuing  to 
approach  that  position.  Tlirough  both  these  pairs  of  coils, 
therefore,  thern  will  be  a  imrtial  induction  going  on.  Accoi-d- 
ingly,  it  is  aiTauged  that  the  cnri-ent,  on  passing  into  b,  splits, 
part  going  thnmgh  (toils  2,  2,  and  part  through  4,  4,  and  re- 
nniting  at  the  brush  b',  whence  the  current  flows  round  the 
coils  of  the  Held  magnets  to  excite  them,  and  then  round  the 
external  cinruit,  and  back  Ui  the  brush  a.  (In  some  ma(Jiine« 
it  is  arranged  tlmt  the  current  shall  go  rmind  the  iield  mag- 
nets after  leaving  brush  a',  and  before  entering  brush  n ;  in 
which  case  the  action  of  the  machine  is  sometimes,  though 
not  correctly,  described  as  causing  its  coils,  as  they  rotate, 
to  feed  the  Held  magnets  and  the  external  circuit  alternately). 
The  potation  of  the  araiatiue  will  then  bring  coil  2,  2,  into  the 
position  of  least  action,  when  they  will  be  cut  out,  and  the 
same  action  is  renewed  with  only  a  slight  change  in  the  order 
of  o|jeratiou.  llie  following  table  summarizes  the  succesaii'e 
order  of  connections  during  a  half- revolution : 


Pint  pptifian.    (Colls  I  ent  out.) 

A  — 3  — A;  B^^^B;  Ftetd  niagiuta  — Bstennl  dfonll— A. 
8te*>nd  paaitian.     (Coilii  "i  oil  out.} 

A<Cs^Ai  B  —  4— B;  Field  inagnou  ^  Biurnd  lircuit — A. 
1%ird  po*Uum.     {CtA\»  3  out  out.) 

A  — 1  — A;  B^^  ^B;  V\^^  mftgn«M  —  Ril«nist  drctiH  —  A. 
Fomrth  jxmtitm.     (ColLi  4  «it  oul.) 

A^  ^  ^A;  B  — 2  — B;  Field nuignaU  — ExteniAldrcultii— A. 
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"  From  this  it  will  he  H««n  that  whirhevRr  pidr  of  coils  Is 
In  fill'  [Kwltiuii  (if  Ix'sf  iu'iion  I.s  deliv<?rin^  its  curiviit  diretTt 
iuto  the  circuit ;  while  the  two  pairs  of  roilfl  whirh  wrupy  th« 
Met^ndury  poHiliuns  art;  always  joined  in  pai'allel,  the  same 
pair  of  brurfios  touching  the  i-espective  commutators  of  both."] 

TUmi'  are  ihroe  types  of  tiiese  machines  that  t-au  supply 
rospoctlvely  six,  sixteen^  ajid  forty  lamps.  In  the  sixteen- 
lamp  DiftcbiDe  the  cores  of  the  Held  magnets  are  wound  each 
one  with  about  000  metrefl  of  wire  of  four  miUimetres  diame- 
ter; each  uf  (hi;  armature  colis  contains  about  270  metres  of 
wire  of  about  two  millimetres  thickuesa.  The  spee<l  is  750 
revolutiona  per  minute,  and  the  power  expended  about  sixt4^n 
horw- power. 

Th<'  Hrush  machines  are  made  to  supply  currents  of  very 
high  t4msi<in,  wliii-li  admit  of  placing  ait  the  lamps  in  a  single 
wiles,  whikso  length  of  circuit  may  attain  ten  to  twelve  kilo- 
metreH.  I»  the  exi>ennient.s  in  lighting  made  in  Paris  in  the 
Th6Atre  de  r()i>6ni,  Ihf  himps  of  tliis  system,  which  lighted 
thw  gnind  stiiiiYu-se,  were  supplied  by  a  machiue  pUiced.  in  the 
I*ulais  de  rKxposilion  in  the  ('liamps^Iys^s.  There  was 
oviiUmlly  a  gnttil  *'cont»my  in  theurraiigeuient ;  but  the  nfie  of 
BUflh  rum»ut.s  n-<iuin>ii  very  ci»reful  in.sulation,  and  involves 
serious  dangers,  which  must  also  be  taken  intti  acc<mnt. 

Thf  dfwriptuin  uf  tiie  other  machines  of  this  category 
wimhl  »'xce»Hl  the  limits  of  this  work ;  they  prejtent  hardly 
any  ixH-uItiiritifsuf  inlcn'st,  with  iheexreptinnnf  M.  GQlcher'a 
uuiohiue,  in  which  tin-  licld-iiiagnct  jHiles,,  thai  face  ea*;h  other, 
arv  nmnected  by  an  intemiediarj-  piece  of  inin.  »o  as  to  sub- 
jet't  to  induction  those  portions  of  the  wire  which  come  npoa 
the  outride  surface  uf  the  disk. 


V.  Uachixbs  in  which  the  Corb<  of  the  Asmattse 

Oi>lLS  rL.tY    .1    PBEPONDEIUTlXa  R^LE. 

We  n>w  hare  only  to  examin«>  i  hf»»*  marhint^  in  which 
tfao  chiuigm  of  magnetic  state  uf  the  in.m  mres  of  the  arma- 
ture coll  phiy  a  {tn'poDderating  rdf«,  as  was  tba  case  in  ibe 
machliMS  i(f  riarke  and  Xollct,  with  which  we  conmeoinL 
The  machines  of  Masbvb.  Ntaudet.  Wallaoe  and  F^uner,  and 
Umtin.  c«>aie  in  this  category ;  the  macluiiee  of  Ueeara.  Bar- 
gin  mhI  IK<  Mt^ritenH  occupy  an  intermediate  pciatioa  betinMB 
the  two  Aystems. 
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"We  here  speak  of  the  machine  inventetl  by  M.  If  iaiidet  ia 
187^,  although  it  was  sever  extensively  introduced,  l)ecause  it 
was  the  iirst  of  this  category  which  furnished  cnntinnous  cur- 
rents ;  for  armature  it  had  a  series  of  bobbins  wound  on  iron 
cores ;  these  were  armnged  cirrnlarly  on  a  wooden  disk,  and 
tnrne<l  Iwtween  the  poles  of  two  parallel  ninpu<'ts.  The  cur- 
j^were  collected  l>y  aid  of  a  coiumiitator  Jiko  that  of  M. 

le. 
ie  machine  of  Messrs.  Wallace  and  Farmer  (Fi^.  187),  of 
which  much  has  been  said  during  the  lust  (wo  years,  uud 
which,  nevertheless,  did  not  fignre  at  the  Electricfll  Exhibi- 
tion, is  a  machine  anaJogous  to  that  of  M.  Niaudet.    There  are 
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Via.  187-— ^'aUuce-Fumer  maoluDC. 


two  disks  of  iron  in  juxtaposition,  and  two  rows  of  bobbins; 
the  cores  are  flattened,  and  pierced  with  a  hole  to  increase  the 
cooling  surface  and  diminish  the  priKlucIion  of  Foncault  cur- 
rents. In  these  ninchiiies  the  commutation  plane  is  coinci- 
dent with  that  passing  throngh  the  poles. 

M.  Lontin  had  constrncted,  in  1874,  a  machine  in  the  same 
category,  but  with  the  arnmtm-e  bobbins  differently  arranged. 
In  place  of  having  their  axes  pamllel  to  the  axis  of  rotation, 
they  radiate  fi-om  this  axis,  which  made  their  inventor  call 
them  pinion-machines. 

In  the  first  npjiaratus  of  this  system  the  armatnre  bobbins 
were  flat,  and  were  an-angod  parallel  to  the  axis  of  rotation. 

20 
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As  now  conslTiirted  (Fig.  188)  the  cores  have  a  conical  form, 
dt-signod  to  prevent  the  throwing  off  of  their  coils  iinder  the 
efTect  of  centrifugal  force,  and  on  acconnt  of  their  8tei)-like 

aiTansement  on  the  axis,  their  pnlnr 
extreniiiies  are  succrssively  prewnttMl 
at  equal  but  more  frequent  intervals, 
to  the  action  of  tlif,  fielil-magnel  {Hiles. 
Thest?  nvii  better  utilized  and  the  cur- 
rents are  more  regular. 

The  copper-wire  roils  which  envelop 
these  cores  are  wound  all  in  the  same 
direction,  and  each  of  them  has  ita  ia- 
comin^  wire  connected  to  the  outgo- 
ing wii-e  of  the  next  helix,  but  from 
one  ring  to  another  and  in  the  order  in  which  they  follow 
each  other  before  the  poles,  so  that  the  whole  forms  a  con- 
tinuous eiivuit 

Wiivs  arf^  taken  from  the.'*  jiinctions  to  the  plates  of  a 
coniuiutator  niinilar  to  rlmt  of  M.  (innnme,  but  thi;  brushes 
ni-B  prisms  of  an  anti-friction  alloy;  th&se  prisms  slidi"  in 
brass  grooves,  well  insulated^  and  are  pressed  on  the  com- 
mutator by  weights  or  springs. 

Tbf  field  is  an  onlijmry  eleotrtt-raagnet  wiih  two  arms,  cx- 
citwl  by  the  currtmt  of  the  machine  ;  the  poles  are  sometimes 
supplied  with  movable  exteustous,  which  can  be  prohmged  or 
withdrawn  at  will,  to  regulate  their  action  on  the  armature. 
It  is  a  nifHle  of  regulation  different  from  that  which  we  have 
hitherto  seen :  fur  hand  regidating  it  seems  more  simjile  to 
cliangit  the  length  of  the  magnetizing  coils;  on  the  other  hand, 
the  iH»wprfu!  attiTictions  whirh  are  exerted  between  these 
piece.-*  and  the  eitres  of  the  field  magnets  would  render  it  diffi- 
cult to  make  them  self-regulating. 

lu  1870  M.  Loatiu  ct>n»tmcted  on  the  same  plan  a  machine 
for  alternating  and  divided  ciirrentft,  with  a  movable  Geld  mn^. 
net  turning  in  the  middle  of  a  cmwn  of  fixed  urmature  bob- 
bins, whose  cum?nts  weiv  directly  collected. 

In  these  machines  the  movable  field  magnet  is  rorai>o6ed 
of  a  magnetic  pinion  of  the  same  inventor,  and  consij«ts.  like 
the  prwedlng.  of  an  electn»-m:ignet  of  multiple  poles  with 
radiating  con's,  having  as  a^mmon  connector  the  cylinder  to 
which  these  cotes  are  fastener!.  ^Vjth  this  system  it  is  nec«9. 
■ary.  to  obtain  the  moximiuu  ufeiul  effect  of  the  exciiiiig  cor. 
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rent  on  the  entire  maas  of  iron  of  the  Held  magnets,  that  the 
cores  shoiihl  present  in  equal  numbers  alternately  pnles  of  ihe 
opposite  kind ;  whioli  amounts  to  the  establishment  of  an 
equal  number  of  two-branch  Gleetro-nia^iets  with  a  common 
base,  80  as  to  mutually  re-enforce  each  other,  Tliis  result  is 
obtained  in  changing  the  direction  followfd  by  the  current 
that  circulates  in  tin*  helices,  either  by  the  direction  of  the 
winding  or  by  the  mode  of  connecting  the  extremities  of  the 
different  coils  with  each  other. 

The  armature  is  composed  of  a  fixed  ring,  supplied  on  its 
inner  surface  with  cores  evenly  spaced  in  the  form  of  radii, 
giving  it  the  appeanmre  of  an  interiorly-toothed  wheel. 

The  field-ma^et  poles  being  alternately  of  different  kind, 
the  polarity  of  the  armature  coils  also  altci-natcs,  and  the  cur- 
rents created  at  the  sjime  instant  in  their  roils  hiive  din'ctions 
opposite  to  each  other.  It  is  necessary,  thei-efon',  in  oi*der  lo 
obtain  them  of  similar  dii*ection  and  to  be  able  to  couple  tliem, 
to  connect  together  the  wires  of  the  helices,  having  regard  to 
the  direction  in  which  the  currents  go — that  is  to  say,  to  unite 
alternately  the  incoming  ends  of  the  one  and  the  outgoing 
ends  of  the  others.  The  successive  currents  are  not  the  less 
revei-sed,  on  account  of  the  effect  due  to  the  removing  and 
approaching  of  the  field  magnets.  The  exciting  current  of  the 
field  is  furnished  by  a  continuous-current  niacliine  of  the  same 
inventor. 

It  is  with  such  machines  that  the  fii-st  trial  was  made  in  lt*77 
of  electric  lighting  at  the  station  of  the  Palis.  Lyons,  and  Med- 
iterranean Railway,  and  it  is  these  which  are  tt»-day  in  use  in 
the  experiments  In  lighting  the  Place  du  Carrousel  in  Paris. 

The  machine  invented  by  M.  Burgin,  and  adni>ted  by  M. 
Crompton  for  his  system  of  lighting,  reseniblcs  nit  her  the  ring 
machines  in  its  form  of  annature ;  but  it  comes  in  the  cate- 
gory of  the  pi-eceding  machines  in  its  method  of  induction. 
The  magnetic  core  is  of  hexagonal  form,  and  is  roniiMtsed  of 
annealed  iron  wire ;  the  copper  wire  is  wound  transversely  on 
each  of  Ihe  sides  of  the  hexagon,  which  is  thus  fitted  with  six 
diKtinut  bol>bins,  a  litth*  tliiclter  in  Ihe  center;  the  port  ions 
of  the  core  forming  the  Nummits  of  Ihe  hexagon  are  expensed, 
and  isass  very  close  to  tlie  lield-maguet  poles  :  it  follows  that 
there  an^  in  the  core  verj-  energetic  clianges  of  magnetic  slate, 
which  play  the  princiiMiI  ndf  in  the  production  of  cun'ents. 

As  each  of  the  rings  thus  constructed  would  be  too  feeble,  a 
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certain  miinber  are  united  on  the  same  axis,  by  arranging 
them  so  that  they  assnme  the  form  of  a  drum  with  the  rows 
of  bobbins  amn^red  sjiirully  (m  it  (Pit:.  189),  It  is  a  f-irailar 
disposition  to  that  of  the  ratiijtlin^  tiobbins  of  M.  Lonttn,  to 
obtain  the  samn  nwull.  The  method  of  connection  is  the 
same,  that  is,  the  roiinertionH  Imm  bobbin  to  b<ibbiu  follow 
each  other  frjm  the  Jirsl.  bobbin  of  the  fij-st  ring  to  the  first 
bobbin  of  the  last  ring,  which  in  its  turn  is  connected  with 
the  second  bobbin,  of  the  second  riiiir.  and  so  on.  It  is  the 
sixth  bobbin  of  the  last  ring  whicb  commimicates  with  the 


second  wire  of  the  first  bobbin  of  the  first  ring,  and  fhns  com- 
pletes tbe  circuit ;  fix)m  eurh  of  tliese  juncrions  a  wire  is  car- 
ried to  the  commutator,  which  contains  as  many  plates  as 
there  are  bobbins  in  the  drum. 

The  field  magnet  is  composed  of  two  electro-mngnets  with 
flattened  coras  and  consequent  poles  ;  the  cores  and  i>oles  are 
of  cast-iron,  and  in  one  piece.  The  machine  can  exrite  itself ; 
but  in  Iarg»?  electric  lighting  plants,  using  a  number  of  ma- 
chines, it  la  preferable  to  employ  separate  exciters. 

Tlie  speed  c)f  the  ring  is  usually  l,5iX)  to  1,600  revolutions 
per  minute;  a  machine  of  forty -eight  bobbins  can  supply 
three  or  four  Crompttm  hini]>s  arranged  in  aeries ;  the  expen- 
dituure  of  power  vaiiee  with  the  intensity  of  the  li^ht. 


CHAPTER  IX. 

nECSST  itAUSETO-KLECTRJC  JfACTUXES. 

We  have  ab*ea<ly  explained  that  it  is  the  character  of  the 
inductors  which  hiis  divided  machines  into  the  two  classes  of 
dynamo-electric  and  magneto-electric  machines.     This  last 
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system,  whifh,  as  we  have  seen,  was  emj)lc»yed  in  NoUet's 
macliinps  (^UlJimce),  has  Inng  been  abtmduned,  because  of  the 
sizf  aiid  wei^lit  nf  the  apiMiratus ;  it  ia  uuly  used  for  BUiall 
lahorut<)ry  mjirhines,  and  all  the  other  machines  that  we  have 
si»  far  oxiimined  are  dynamo-electric. 

Mil  f^eto- electric  machines,  nevertheless,  j)OSBess  the  ad- 
vantages uf  increased  simplicity,  and  of  great  regularity  in  the 
production  of  currents,  resulting  from  the  stahility  of  the 
magnetic  field.  There  is  no  need  of  fearing  the  reversal  of 
polarity  of  the  inductors,  which  mny  cause  the  passage 
through  their  magnetizing  coils  of  reveraed  currents,  which 
Bomecimes  happens  in  electro- chemical  oyieradons,  and  in  the 
charging  of  secondary  batteries,  Plant^'s  or  others.  In  some 
applications  of  electric  light,  especially  in  light-houses,  this 
simplification  of  machines,  and  this  certainty  of  a  greater 
steadiness  of  light,  have  such  importaniTe  that  magneto-elec- 
tric machines  have  i^enlly  l>cen  given  the  preference.  It  is, 
without  doubt,  for  the  .lame  reii.sons  that  M.  do  M^ritons  has 
taken  np  again  the  study  of  this  sj-slcm,  and  lias  obtained 
remarkable  rcsnlr.s.  lie  not  only  has  improved  the  constnic- 
tiun  of  the  pemmnent  magnets,  and  has  given  them  a  much 
greater  power,  bnt,  what  is  more  important,  he  has  invented 
a  new  aiTangement  of  armature  which,  by  its  annular  form, 
utilizes  more  completely  the  power  of  the  field  magnets. 

M.  de  Al^ritens  constructs  his  machines  of  three  different 
types :  a  large  alternating-current  machine  for  powerful  effects 
— it  is  the  type  actually  employed  in  light-houses;  a  smaller 
alternating- current  machine  for  factory -lighting ;  and,  finally, 
a  machine,  also  magneto-electric,  producing  continuous  cur- 
rents. 

The  light-honse  model  (Fig.  100)  is  composed  of  five  series 
of  field  magnets  and  five  armature  rings ;  each  series  with  its 
ring  constitutes  a  complete  machine,  and  the  whole  can  be 
considered  as  fonned  of  five  machines  in  juxtajKisition.  Each 
of  the  series  of  field  magnets  contains  eight  com])ound  horse- 
shoe magnets  arranged  in  star-shape,  so  that  their  poles  form 
a  circular  crown,  in  whose  interior  the  armature  ring  rotates. 
It  ia  the  well-known  form  of  the  old  Alliance  machines,  but 
here  the  action  of  the  magnets,  Instead  of  being  lateral,  is 
exeirised  endwise,  directly  on  the  armature,  with  full  power. 

Each  magnet  is  composed  of  eight  plates  of  Allevard  steel, 
of  ten  millimetres  thickness,  bolted  together  and  strung  ux)OD 
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brass  cross-bars  fastened  to  the  side- frames ;  adjusting-screws 
admit  of  exact  ivjcrulatiou  of  tlie  ])Osition  of  the  oross-hnrs, 
and  facilitate  the  putting  together  uf  the  machine.    Each 
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grouji  of  horseshoe  magneto  weighs  about  twenty-s«'Ten  kilo- 
giammes,  and  can  sustain  one  hundred  and  lifty.  The  forty 
weigh  altogether  1,080  kilogranimes. 

The  annular  armature  is  composed  of  a  series  of  flattened 
electi"0-magnet3  arranged  in  the  arc  of  a  circle,  of  the  form 
shown  in  Fig.  191.  These  are  united  end  to  end  by  their 
poles,  and  fastened  betvpeen  the  projeclinns  on  a  brass  wheel. 
They  ai-e  separated  one  from  the  other  by  small  copper  plates. 

To  fnriliiate  the  chunges  of  the  mtignt-ric  .state  of  the  corea 
and  diminish  theu-  heating,  these  are  formed  of  plates  of  soft 
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'  slieet-lron,  a  millimetre  in  thickness,  cut  ont  with  a  punch. 
The  armature  wire  is  wound  trsinsversely  on  these  cores,  and 
pjirticular  care  is  taken  to  obtain  a  pt^rfcrt  insulation,  iis  woll 
betwmm  the  wire  and  core,  as  between  the  individual  wjila  or 
(urns.  The  spacing  o(  the  bob- 
bins and  magnets  is  laid  out  with 
the  greati'st  care;  the  distances 
between  the  consecutive  jwles  of 
two  neighboring  magnets,  and  be- 
tween I  he  poles  of  a  con*espond- 
ing  magnet,  are  exactly  equal, 
and  each  distance  corresponds  to 
the  length  of  two  complete  bob- 
bins. 

Each  ling  contains  sixteen  bob- 
bins wound  with  wire  one  milli- 
metre and  nine  tenths  in  diame- 
ter. Tha  total  weight  of  the  wire 
of  the  eighty  bobbins  is  fixim 
fifty-live  to  sixty  kilogram nifs*. 

All  the  coils  art?  connecttid  in  a  single  ciicuil  ;  but  since, 
from  the  nrmiigempnt  of  the  field  magnets,  the  armature  bol>- 
bins  pa-ss  successively  in  frcmt  of  poles  of  different  name,  and 
since  the  currents  pnitliictMl  are  in  opposite  directions  in  ctm- 
secutive  bt)bl)ins  at  the  same  instant,  they  are  roupled  two 
and  two  by  their  ]Hisitive  and  negative  wires.  Tlie  dijigram 
given  in  Fig.  102  shows  how  this  coiijding  is  done,  whi);h  ad- 
mits ijf  thv.'ir  being  united  in  a  single  circuit,  whose  extn^me 
ends  are  sepanitely  t-onneeted  with  friciion-rings,  mounted  on 
the  shait  of  the  machine  and  jimperly  Insulated.     We  have 

seen  that  the  currents  are  alter- 
nating, because  each  iffls.sage  in 
front  of  the  poles  is  composed 
_  -^       of  two  periods,  one  of  approach, 

.--'^  C       the  other  of  recession. 

F.o.iM.-D»«T«nofiheOoM*rii™  "^^^  tive  rings  are  coupled  so 

ftrmoiuro  ooiu.  OH  to  furnish  two  distinct  cur- 

rents, whirh  ciin  be  ctmibinetl  at 
pleasure.  These  currents  are  colIecte<l  on  four  rings;  brush- 
es, carried  by  long  sjirings,  bear  against  these  rings  and  con- 
nect tliera  with  the  four  binding-screws  whence  the  current 
is  taken. 


^m'^^^W^. 
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According  to  experiments  made  in  Paris  l>y  M.  Ailard,  di- 
rector in  the  light-house  senice,  this  machine  furnished,  with 
M.  .Serrin's  regulutor,  an  average  luminous  intensity  of  f!30 


^^}Ml 


JW« 
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carcels,  with  a  speed  of  790  levolutions  per  minnte,  and  an 
exponditnro  of  eight  horse-power,  or  nearly  eighty-five  car- 
cels |>er  horst'-jMiwer. 

The  macliiJie  called  factor}*- ma  chine  (Fig.  103)  Is  con- 
structed on  ihe  same  principles.  The  eight  compound  field 
magnets  are  placed  horizontal,  and  arranged  around  a  hollow 
cylinder;  the  alternate  polos  are  joine<l  together,  and  form  a 
circular  crowTi  within  whose  interior  tlie  armature  ring  turns. 
Eiicli  magnet  is  roraixjsed  of  twelve  plates  of  steel,  each  one 
45  millimi?tres  In  fhiekness.  The  tolal  weight  of  the  field 
m:igDets  is  about  HK)  kilogrammes.  The  armatuie  ring  Is 
identical  with  that  of  the  large  machine. 

This  factory-machine  is  supplied  with  an  airangement 
which  has  been  called  the  permutator-plate  {plateau.  permU' 
lai^rur)^  and  which  is  cajHible,  by  the  simple  changing  of  me- 
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lallic  pina,  of  grtniping  the  armature  bobbins  so  as  to  vary 
the  comlitions  of  the  current.  The  sixteen  bobbins  can  be 
connected  in  t^-nston,  and  in  this  case  the  ■machine  can  supply 
foiir  Jabltx-hkoff  candles,  or  rive  Berjot  regulators,  of  eijj;hteen 
to  twenty  carcels  each ;  the  speed,  is  1,4X)0  revolutions  per 
minute,  and  the  motive  power  expended  is  about  thi-ee  horse- 
power. 

Two  currents,  from  eight  bobbins  in  tension,  can  also  be 
associated  in  quantity,  and  two  regnlatoi-s  of  forty  to  lifty 
caix'els  each  can  thus  be  supplied.  Finally,  connecting  the 
bobbins  four  in  quantity  and  four  in  tension,  the  machine 
suftitlies  a  regulator  of  one  hunditttl  c-arcels. 

Kediiciiig  the  nunilwr  of  magnetic  fields  to  four,  M.  de 
Meritens  has  constructed  a  magneto-electric  machine  for  con- 
tinuous currents  which  possesses  all  the  advantages  belong- 
ing to  this  class  of  generators  (.Fig.  104).  The  jwi-manent 
magnets  form  four  groups,  composed  each  one  of  sixty-four 
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Steel  plates  one  millimetre  in  thiflcness,  aminged  around  a 
cylindrical  bi-a.s.s  frame.  Their  extremities,  projecting  from 
this  frame,  form  four  cylindric4il  surfaces  within  which  the 
ling  turns. 
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The  ring  also  contains  sixteen  armatnre  bobbins,  but  the 
cort!-]iIales  are  cut  so  as  to  fonu  four  pPtjtH'tions.  between 
which  the  wire,  as  wound,  fonus  four  distinct  helices  iFig. 
105).  These  bobbins  are  wdunted  in  the  same  fashion  nronnd 
n  bmss  wheel ;  they  are  connected  in 
series,  like  those  uf  a  Gramme  i"ing,  and 
wires  are  arranged  at  each  junction  so 
as  to  connect  them  \vith  the  sixty-four 
commutator-plates. 

The  use  of  four  magnetic  fields  in- 
volves two  commiitatitm  phincs,  phiccil 
like    those  wo    linve   nJivsidy  8i?en    in 
the  octiignnal  mnrhine  of  M.  Gnunme. 
There  are  then  four  brushes,  two  for  cJich  of  the  ciim^nts  col- 
lected at  the  Slime  instant — currents  which  can  be  jitilizcd 
separately  or  combiued  at  will. 

The  collector,  or  comniurat4ir,  is  mounted  within  the  brass 
cyliudriciil  I'num.',  which  prevents  all  dlsphiceraeut  of  the 
wires,  short  of  disniountiugs.  A  movable  brass  ring  sen'es 
a.sstipjHii't  for  the  axes  <if  the  brush -en  rriers,  ami  facilitates 
the  exact  regulation  of  thi;  points  of  contact  of  the  bnishea 
on  the  coiiimulutor.  This  arRlng(^mcnt  also  makes  it  possible 
to  reversfi  the  brushes  when  the  machine  is  to  be  used  as  an 
electro- mo  tor. 

This  machine  is  prefenible  to  the  dyriamo-electric  machines 
foi"  charging  secondary  batteries.  L'nder  ordinary  circum- 
stances, when  the  battery  is  receiving  its  charge,  there  cornea 
a  time  when  the  accumnlatcd  power  of  the  battery  is  sufficient 
to  overcome  that  of  the  machine  furnishing  the  (current. 

With  a  dynamo- electric  machine,  unless  a  special  safety 
apiiaratus  is  used,  the  directitm  of  the  current  may  t>ecome 
reversed,  and  tlie  battery  disduu'ge  Itself  thi-ongh  the  ma- 
chine. But  the  current,  thus  reversed,  changes  the  polarity 
of  the  field  magnets,  and  the  machine,  continiung  to  revolve, 
undoes  all  the  work  previously  accomplished  in  the  battery. 
AA'ith  permanent  ma^ets  in  the  field,  this  trouble  can  not 
occnr. 

Besides  tbe  machines  wbi<'h  we  have  passed  in  review, 
there  art*  a  very  great  number  which  work  just  as  well,  but 
whoBO  description  would  take  up  too  much  space.  The  ex- 
planations which  we  have  given  will  make  their  working  easily 
understood,  the  differences  only  being  in  the  fm-ni  and  rela- 
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tive  positions  of  their  constituent  elements.  It  will  be  un- 
derstood thnt  we  can  not  nssign  them  tlieir  relative  values  ;  in 
genenil,  each  machine  is  xwrt  <»f  a  system  Tor  which  it  is 
specially  devised,  and  the  results  of  experiments  i-epresent 
rather  the  value  of  the  whole  than  that  of  the  particular 
machine. 

We  shall  auTOmarize  briefly  only  the  chief  conditions  that 
have  to  be  ol>serred.  The  machines  should  heat  as  little  as 
possible,  because  the  heat  thus  disengaged  is  a  loss  of  work,  and 
may  become  a  cause  of  destraction  of  the  insulation.  This 
production  of  heat  can  not  be  completely  avoided,  but  it  can 
be  reduced  by  diminishing  useless  resistances,  such  as  those 
of  wires  thai  do  not  participate  in  the  production  of  currents. 
The  movable  metallic  cores  8ln»uld  be  constructed  so  aa  to 
diminish  the  pi-<>duction  of  local  or  Foucault  currents,  and  so 
as  to  prevent  the  circiUation  of  those  which  can  not  be  entirely 
suppressed. 

The  armaturw  win'  should  he  divided  into  as  great  a  num- 
ber of  coil.s  as  itosRible,  so  that  the  partial  ruiTents  shall  be 
weaker,  wbit-h  reduces  the  power  of  the  sparks  on  tiic  com- 
uiufalors;  it  is  true  that  the  number  of  these  cuiTents  must 
then  be  increawil.  and  cfmstxiuently  the  speinl  of  the  moving 
parts;  but  these  iMiJng  lighter  and  easier  to  balance,  can  in- 
volve without  inconvenience  at  enoimous  siH'ci,  before  the 
contemplation  of  which  electricians 
would  have  recoiled  some  years  ago. 

Finally,  the  held  magnets  should 
be  m  placed  as  to  utilize  well  their 
magnetic  power.  The  mechanical 
construction  should  be  siich  as  to 
insure  the  stability  and  dunibility 
of  the  moving  parts,  which  ought  to 
revolve  very  close  hi  each  otlier,  and 
under  the  intluence  of  high  attrac- 
tion. 

The  rubbing  surfaces  should  have 
dimensions  larger  than  thiwe  used  for  the  same  speed  in 
oiilinary  machines;  their  lubrication  must  Ije  insured  with 
absoliito  certainty.  We  may  recall  ou  tliis  subject  a  new 
ai'rangenieul  due  to  M.  Gravier.  The  bearings  are  full  of 
holes,  which  are  filled  with  plugs  of  graphite ;  no  other  lubri- 
cation is  required— it  must,  on  the  contniry,  bo  absolutcily 
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forbidden — nor  is  any  rpijiaiiing  needed,  and  no  heatiug  need 
be  feared. 

M.  Oravier  uses  the  same  plan  for  his  commiitator-brnsheg^ 
whirli  lie  constructs  as  shown  in  Fig.  IDA,  and  which  press 
agiiiiist  a  disk  turning  vertically.  This  disk  carries  pieces  of 
cupper  arranged  like  the  plates  of  ordinary  commutatoi's. 


CHAPTER  X. 


EFFICI^yor  OF  TBE  I>y.VAJ/0. 

[Perhaps  no  teiTn  is  commonly  iisRd  more  loosely,  in  its 
application  to  the  djTiamo  nnd  the  electric  system  of  which 
it  forms  a  part,  than  effii-ieney.  As  is  well  known,  this  term 
indicates  the  completeness  witli  which  any  machine  or  appa- 
ratns  utilizes  the  work  expended  iipon  it,  but  it  doea  not 
always  seem  to  be  rememl>ered  that  it  may  have  very  differ- 
ent values,  depending  upon  the  quantities  between  which  it 
expresses  the  relation. 

A  brief  considfratinn  of  The  efficiency  of  machines  in 
general  may  perhaps  be  of  service  in  helping  us  to  a  clear 
conception  of  its  proi«'r  use  iu  its  application  to  electric  ap- 
paratus. 

Machines  may  be  broadly  divided  Into  two  classes — trans- 
mitters and  transformers.  Wind-mills,  water-wheels,  and 
ptimjw  belong  to  the  first  class  ;  hent-enpines,  electric  batter- 
ies, dynamos,  and  electro- motors  to  the  second.  The  former 
do  not  convert  energy  in  one  form  into  some  other  form,  but 
simply  sprvo  to  redirect,  in  such  a  way  as  to  be  serviccjible, 
the  original  mechanical  energy.  For  instance,  in  a  water- 
wheel  tlie  energy  of  the  moving  mass  of  water  is  iu  part 
transferred  to  the  whcrl,  tlie  motion  of  which  we  can  utilize  ; 
itYy  in  the  case  of  a  jmmj).  tin*  mechanical  energy  spent  in 
operating  it  is  utilized  in  giving  motion  or  position  to  water. 
In  either  cnse  there  is  no  tninsformatlon  ()f  onergy,  but  sim- 
ply a  trniisfcrence  of  motion  from  one  mass  to  another. 
AVe  start  with  energy  in  the  mechanical  form  and  end 
with  it  in  the  same  form,  without  any  Intennediate  trans- 
formation. 
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In  tlie  second  class  of  machines  there  is  always,  on  the 
other  hand,  a  tratisformatjon  of  energy.  In  the  steam  and 
othor  heat  engines  tho  original  work  in  in  thts  form  of  heat, 
and  in  tho  tinal  result,  in  thnt  of  mechanieal  energy.  In  the 
dynamo  we  have  the  conversion  of  mechanical  energy  into 
that  of  elrc'trif  currents,  and  in  the  electr(j-mot()r  the  reverse 
operation;  while  in  thtj  ehictric  battery  we  have  the  direct 
transforniatiou  of  the  work  of  chemical  combinalicm  intoelec- 
trical  energy. 

In  rljt!  waler-wht-el  and  similar  machines,  we  may  dislin- 
giiish  two  ef!icien(--it!M :  one  tlie  ratio  of  the  gi<)SH  return  of  the 
wheel  to  the  total  work  of  the  falling  wiit^T,  the  (ithcr  the 
ratio  of  the  ntilizablu  work  to  lliis  latler.  A  iMirlion  of  the 
work  done  by  the  wheel  is  eximndeil  in  oven^oming  Irictiim, 
etc.,  and  only  the  work  ahttve  this  is  disposjibh^.  'I'he  ratio 
of  this,  which  may  he  measiinHl  by  a  dynanujineter,  to  the 
total  work  of  the  falling  water,  exi)n'SiSies  Ihe  net  or  commer- 
cial cllicipn(\v  as  disfmgiiiHlied  from  wliat  may  be  terme<l  the 
gwjss  ellicu'ucy,  Tlie  former  etliciencry  is  the  one  which  alone 
concerns  the  user  of  the  machine,  and  winch  Is  always  meant 
in  tests  of  such  wheels.  In  the  water-wheel,  or  a  well-designed 
steam  engine,  llie  difference  between  Ihese  two  efiiciencies  is 
not  great,  but  it  may  in  some  instances — in  the  hot-aii-  engine, 
furexani]ile — l»e  very  cousidei-dble. 

A  heat-engine  of  any  form— steam,  gas,  or  hot  air — oper- 
ates by  taking  Into  the  cylinder  a  working- Jluld  at  one 
temperatnre  and  <nscharging  it  at  another,  llie  })roijortion 
of  the  heat  nrilized  depending  upon  ihe  diiTei-ence  of  these 
temiwratares.  We  know  from  thenno-dynamics  jnst  how 
large  a  poition  this  can  be  in  n^  perfect  engine.    This  theo- 

T  — T' 
retinal  maximnm  is  expressed  by  the  formula  — = — » in  which 

T  is  the  temperature  of  the  working-flnid  on  admission  to  the 
cylinder,  and  T'  the  temperature  at  discharge,  both  tempera- 
tures being  reckoned  fiom  the  absohite  zeixt  (—461**  F.  and 
—  273"  C).  Between  the  limits  of  temperature  practicable 
in  the  steam-engine,  this  maximum  etficionry  di>es  not  exceetl 
twenty  per  cent.  The  work  done  by  the  expanding  fluid  In 
moving  (he  piston  is  measured  by  the  product  of  the  mean 
pressure  upfm  it,  and  the  distance  through  which  it  is  moved. 
The  ratio  of  this  work  to  the  work  in  the  steam  which  was 
necessary  to  yield  it,  gives  the  efficiency  of  the  engine  as  a 
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transformer  of  heat  into  meebaniral  energy.  In  the  best  of 
inudera  engines  this  efficiency  is  from  sixty  to  seventy  per 
cent  of  the  theoretical  mnxtmnm,  or  twelve  to  fonrteen  per 
cent  of  tlie  work  in  the  stenm. 

The  efficiency  of  a  steam-engine  is  not,  however,  usually 
reckoned  in  this  manner.  It  is  rommnnly  expressed  by  the 
ratio  of  tlie  work  iKTfomied  by  it  to  tliat  of  tlie  fuel  bunied 
in  the  furnace.  This,  kA  coui-s*',  does  not  give  simply  the 
efficiciiry  <)f  the  4'ngine,  but  the  combine<l  efficiency  of  the 
engine  nntl  boiler.  But  as  in  ]>raclice  these  two  constitute 
one  marliiiio,  it  is  the  efficiency  of  this  with  which  the  con- 
sumer is  concerned.  In  this  <'ase  the  efficiency  of  tninsf<innii- 
tion  is  expressed  by  the  ri*Iution  of  the  w<irk  done  upon  the 
piston  to  that  to  which  the  fuel  biirnctl  to  pniduce  it  is 
equivalent.  Aa  stated  alnive,  the  former  work  is  obtained  by 
multiplying  the  mean  pressure  upon  the  piston  by  the  dis- 
tance tlirough  which  it  is  moved.  In  ordinary  units,  the  power 
is  therefore  expressed  by  the  total  mean  pressure  on  the 
piston  in  iK>unds,  multiplied  by  the  piston  travel  per  minute 
in  feet.  This  divided  by  33.(.mk)  gives  the  horse-power  exerted 
by  the  engine,  generally  known  as  the  indicated  horse-p<Jwer, 
on  accmmt  of  the  manner  in  which  the  mean  ateam-pressure 
is  obtained.  Taking  the  fuel-cotisumptinn  as  two  pfumds  of 
cojil  an  hour  jier  indicated  horse-jiower,  we  have  the  efficiency 
of  transformation,  regarding  a  pound  of  coal  as  e<iui\"alent 

to  10,()00,t)iXl  foot-ponnds,  eqnal  to  (^,'  ^..^  one  tenth 

nearly.  Tlie  actual  or  available  horsepower  of  tlie  engine 
will  evidently  be  the  difference  between  the  indicated  horse- 
power and  that  required  to  move  the  engine  simply,  and  the 
net  or  coinmeirial  efficiency  the  ratio  of  this  aelual  horse- 
power tt>  that  of  the  fuel  exi>ended.  In  a  good  modem  en- 
gine, the  actual  is  eighty-eight  per  cent  of  the  indicated  horse- 
power. 

We  are  now  in  n  position  to  better  iinderstnnd  the  various 
efficiencies  of  the  dynamo,  and  of  an  clecm'c  system.  There  is 
fii-st  the  efficicnc}*  of  ti-iinsfomialinn  of  mefhanicul  into  elec- 
tric energy,  nsunlly  termed  the  "generative  efficiency."  The 
relation  hero  is  that  between  ihe  power  mquiriHl  to  turn  the 
armature  in  (he  magnetic  field  at  a  given  rate,  and  the  electri- 
cal power.  From  this  first  |)<twer  tluil  requirt'd  to  overcome 
the  friction  of  the  moving  armature  must  be  deducted,  aa 
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this  friction  does  not  contribute  to  the  electrical  resolt.  This 
net  power  13  obtained  by  mea.siiring,  by  means  at  a  Hyaa- 
mometer.  the  power  nKiiiiiwl  to  revolve  the  amijiturt'  when 
electrioal  work  is  being  done,  and  Kubtnu;tin^  t'nmi  tliis  the 
power  required  to  drive  it  when  no  electrical  work  is  per- 
formed. Th«  eleclricul  power  in  watts  is  the  i>r(Kliict  of  the 
cuncnt  tlowing  thitui^h  the  circuit.,  by  the  electro-motive 
fon«.  In  the  "weries  dynamo"  there  is  but  one  circuit,  and 
the  current  iti  it  is  of  course  tlte  total  current  tlowiuK  ;  but  in 
the  'Shunt  dyiianui"  the  Itital  current  is  the  sum  o{  (hose  in 
the  main  and  tiehl  eirtruits.  The  diffei*ence  of  i>otential  ta  be 
measurt'd  is  that  between  tlie  Inndinfr-posta  of  the  mm^hinct 
when  the  hIiuuI  is  taken  directly  fnini  the  brushes,  us  is 
nsually  the  case.  DenutinK  the  net  jiower  by  P,  and  the 
electrical  power  by  p,  we  luive— 

p 


Genemtive  eifficiency  = 


U) 


As  no  machine  can  be  made  frictionless,  the  practical  gen- 
erative efficiency  will  be  expressed  by  the  relation  between 
the  electrical  power  and  the  total  power  applied  to  the  pulley 
of  the  dynamo,  -which  we  may  distinguish  as  the  gross  or 
dynamometrical  power.     Denoting  this  by  P',  we  have — 


Practical  generative  efficiency  =  gj 


C2) 


The  amount  of  work  done  by  an  electric  current  in  any 
part  of  its  .circuit  rlepends  uixin  the  resistance  encounlen'ci. 
As  the  machine  has  n'sistauce,  this  work  can  not  be  ]K*rt'onned 
entirely  in  tliat  [Kirt  of  the  cirouit  external  to  it,  but  it^  amount 
will  depen<l  ujjon  the  i-elative  resistance  <if  lliis  circuit  and 
the  inaehine.  The  nitio  nf  this  portion  to  the  total  electrical 
work  expresses  (he  electrical  efBciency.  For  a  long  time  it 
wax  supposed  that  the  law  of  Jacobi — stating  that  the  maxi- 
mum electrical  work  was  obtained  from  a  generator  when 
its  resistance  ^vas  equal  to  that  of  the  external  circuit — was 
a  law  of  efficiency,  but  we  now  know  that  this  is  not  tlie 
case. 

Instead  of  being  limited  to  a  maximum  of  only  one  half 
of  the  electrical  work  in  the  extenud  <'in-uit,  we  can  get  a 
much  larger  portion  of  it  if  the  ndalive  resistances  of  this 
circuit  and  the  genenit^.>r  are  rightly  proportionwl.  Sir  Will- 
iam Tliomstm  has  shown*  what  these  relations  should  be  in 


*  "Hriti«h  AsAooiatioD  Report,"  1881. 
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eacli  of  the  two  types  of  macliine— the  series  and  shunt 
dj'namo.    In  the  series  machine,  denoting  the  resistance  of 
the  external  circuit  by  R,  that  of  the  fiehl-magnet  coils  by  K', 
and  of  the  armature  by  R",  we  shall  have — 
internal  work  R'  +  R' 


total  work         R  -{-  R'  4-  R'* 

exti'rmil  work  R 


and 


total  work         R  +  R'+  R'. 
He  also  showed  that  for  the  mast  ecoaoinical  working  R' 
should  be  slightly  greater  tlian  R'. 

In  the  flimnt  dj'nanio,  tha<ie  resistJinces  should  be  related 

to  each  other  so  that  R  =  t^R'  x  R't  and  the  maximum  work 
is  available  In  the  ext<'mal  circuit  when 
external  work  1 


total  work 


l+2i 


R' 


m 


Denoting  the  external  electrical  power  by  p',  we  have — 

£l«ctri«al  efficieno/  =  — 
P 

The  relation  of  the  extenml  electrical  t«  the  dynamomet- 
rical  power  is  the  one  upon  wliicb  the  comihercial  excellence 
of  a  dynamo  depends.  Tliis  may  bo  termed  the  commercial 
efficiency.  We  have,  then,  as  a  last  efficiency  for  the  dynamo — 


CummcTcinl  effioiencj  =  — 


(4) 


There  are,  then,  fonr  efficienciea  pmperiy  attribntnble  to 
the  dynamo,  the  flrst  two  of  which  determine  the  comjMtrative 
merits  of  different  machines  as  generators,  but  only  the  last 
of  which  enables  ns  to  jndge  of  their  value  as  commercial  ap- 
paratus. But  even  with  this  efllciency  given,  additioniil  data 
are  necessary  to  determini!  the  econfimy  of  different  sets  of 
apparatus.  Of  the  electrieiil  cnRrgy  In  the  external  circuit 
only  a  part  is  available,  as  Sfinie  ]K>rtion  is  expended  in  over- 
coming the  resistance  of  the  cunduct<)rs.  With  cuiTents  of 
small  quantity  and  high  tetisiim  this  pnrtion  may  be  small, 
but  it  may  he  very  considei'ai)le  in  the  case  of  currents  of 
lai-ge  volume  and  low  tension.  Depending  nptm  the  character 
of  the  currents  used  in  any  system,  tliere  will  therefore  be  a 
further  efflcioney  expressing  the  relation  between  the  gross 
power  apjtlind  tn  the  pulley  nf  the  dynamo,  and  that  in  the 
extemai  circuit  which  may  be  used.     This  may  be  proiwrly 
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termed  the  efficiency  of  the  system, 
power  by  p",  we  have — 


Denoting  this  utilizable 


EfficicDC;  of  sjretfim  s  ^ 


(B) 


"Wliile  tliis  last,  efficiency  enables  us  to  jmlgc  of  the  eltw- 
trica!  excellence  of  a  system,  it  d(jes  not  neressimly  inform 
ns  of  the  conipjiriitive  merits  of  cliifertmt  systems  in  runiiwli- 
ing  light.  In  this  estimate  another  fat^tor — the  economy  of 
tlie  laniji — comes  in  as  an  element  in  deteniiining  the  n^Iation 
between  the  light  yielded  and  power  applied  to  the  pulley  of 
the  rly  tiamo.  In  the  case  of  a  jdont  ainsisliiig  of  a  dynamo  and 
arc-liimps,  this  relation  may  be  termed  the  *' lighting  econo- 
my," but  it  must  not  be  confounded  with  an  eflicieucy,  for  it 
muat  be  remembered  that  we  can  not  epeak  of  the  efficiency 
of  an  arc  or  incandescent  lamp  in  the  same  way  as  that  of  a 
djTia mo-machine  or  an  electrical  system.  In  the  lat  ter  we  liave 
an  ascertained  limit  beyond  which  we  can  not  go,  and  our  effi- 
ciency simply  expresses  the  nearness  of  approach  (o  this  limit. 
We  know  that  for  every  foot-pound  of  work  done  upon  the 
pnlley  of  a  dynamo  we  ran  not  get  mopt!  than  n  foot-pound  of 
work  In  the  electrical  circuit ;  we  know,  in  fact,  that  we  can 
get  but  a  portion  of  it.  In  the  ciise  of  a  lamp,  on  the  other 
hand,  we  have  not  a  well-detineil  limit  to  the  light  obtainable 
with  n  given  amount  of  power.  There  is  certainly  a  limit,  but 
the  data  to  enable  us  to  determine  it  are  at  present  wanting. 
In  discnssing  the  conditions  of  efficiency  in  incandescent  lamps 
it  was  pointed  out  that  the  maximnm  economy  was  attained 
when  the  rate  of  the  generation  of  he-i»t  per  unit  surface  was  aa 
great  as  possible.  The  same  condition  applies  to  the  arc-light, 
though  here  it  is  not  so  evident  just  what  relations  the  varioua 
factors  which  have  to  Iw  considered — strength  of  current,  elec- 
tro-motive force,  and  size  of  electi-odes — should  bear  toward 
each  other  to  realize  it.  Given  a  definite-cnirent  strength,  it 
seems  very  probable  that  there  is  a  particular  electro -motive 
force  and  size  of  carlwins  which  will  make  the  light  a  maxi- 
mum. If  the  carbons  be  too  large,  there  will  be  undue  cooling 
by  conduction  ;  and  if  the  arc  be  too  short,  the  incandescent 
surface  will  be  inci-eased  and  its  temperature  lowered,  both  on 
account  of  increased  cooling  by  the  air,  and  a  less  rate  of  heat 
generation  per  unit  of  area.  This  latter  consideration  would 
lead  us  to  expect  that  a  long  arc  would  be  the  more  economi- 
cal, and  experience  appears  to  justify  this  conclusion,  though 
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it  can  not  be  said  thnt  tlie  tests  made  of  lamps  of  short  and 
l(mg  arc  have  aa  yet  settled  tlte  matter.  So  far  as  I  am  aware, 
no  exiwriments  have  been  made  to  deteimine  this  qnestion 
solely,  though  it  would  naturally  seem  to  he  one  to  which 
attention  wonld  have  beeu  early  piven  hy  those  engaged  in 
the  commercial  development  of  the  arc-lamp. 

The  practical  limit  to  the  amount  of  light  which  a  given 
heat-expenditnre  can  Ix-  made  to  yield  in  the  iirc-Iamp  is  de- 
pendent upon  the  consumption  of  the  carbons.  As  the  carbon 
particles  are  disaipated — both  by  combustion  and  by  biding 
thrown  off  from  the  ehx-trodes — it  is  rlrar  that  it  is  n«  longer 
possible  ro  impart  heat  to  them,  and  therefore  niisi.'^  their  tem- 
perature. Were  it  xwssible  to  obtain  electrodes  which  would 
remain  unchnngnd,  their  temperature  could  Ite  cjuTind  up 
indefinitely,  and  the  iimnunt  of  light  would  then  reach  the 
tlieon^tie  limit.  This  limit,  it  ha.s  lieen  ]trfwiously  suggested, 
is  to  be  found  at  the  pDint  where  an  iidditiunal  increment  of 
leiu|H':nituit'  ci^ii-ses  to  ]»roduce  a  proportiimal  increase  of  light. 
Though  w«;  find  that  aa  the  temperature  is  raised  an  increas- 
ing portion  of  tlin  total  nidi:ition  is  luminous,  we  are  nut 
warranted  in  assuming  that  it  would  all  become  so  viith  aji 
indefinite  augmentation  of  tompenituiie.  For  it  must  be  re- 
membered that  while  there  goe.s  on  at  one  end  of  the  epectnim 
a  tmusformation  of  heat-vibrations  into  luminous  oues  of 
slimier  period,  there  goes  on  at  the  other  end  the  transfor- 
marifm  of  the  most  rapiti  light-vibnitions  into  others  still  moi-e 
rapid,  which  are  as  incapable  of  exciting  vbion  as  are  the 
longer-period  ones  at  the  red  end.  It  would  seem,  tlierefore, 
that  then*  is  a  maximum  point  beyrmd  which  in  either  direc- 
tion there  would  be  a  leas  amount  of  light  yielded  per  unit  of 
heat.] 


CnAPTER  XL 
itEAscRgusyrs  or  dta'ahos  and  arc-iamfs. 


[The  foregoing  considerations  enablu  us  to  understand 
clearly  what  factors  must  be  determined  in  measuring  dyna- 
mos and  arc-lauips  in  order  to  judge  of  Ihe  coinjiaralive  merits 
of  difEeieaL^ets  of  apparatus,    llie  final  relation  to  be  ar- 
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rived  at  is  of  ooiirso  that  Iwtwoen  tho  gross  power  apjilied  to 
the  pulley  of  the  tlynamo  and  the  Hglit  yielded,  and  fnrrnm- 
merc'ial  purposes  this  is  ordinarily  enough.  But  to  fomi  an 
intelligent  opinion  of  the  inherent  excellence  of  a  system— to 
know  wheri'in  it  is  good  and  whei-em  bad — it  is  necessaiy  to 
have  all  of  the  data  indicated  above. 

It  would  seem,  at  first  sight,  a  comparatively  easy  matter 
to  measure  accurately  a  dynamo  and  set  of  arc-lamps,  but 
the  numerons  raeasm^ments  made  by  different  observera  pre- 
sent very  few  points  of  agreement,  while  in  the  same  set  of 
experiments  there  are  often  gieat  discreixincies.  The  measure- 
ments most  diOicult  to  make  with  accuracy  are  those  of  the 
Lorse-iK>wer  applied  to  the  machine,  Miid  the  determlnatina 
of  the  luminous  intensity.  This  latter,  in  the  case  of  the  arc- 
lamp,  is  a  very  uncertain  matter,  as  the  arc  is  constantly 
shifting,  and  the  intensity  of  the  light  varies  with  every 
change  of  angle  under  which  it  is  observed.  In  onler  to  get 
a  measurement  which  would  give  the  average  illumination 
afforded  by  the  lamp,  the  plan  has  boen  adopted  <)f  measur- 
ing the  light  in  nil  directions  nnd  taking  their  mean.  This 
mcthoti  was  first  employed  by  the  Paris  committee  of  1881, 
and  has  since  l>een  generally  used  in  similar  tests.  It  has 
Ijeen  termed  the  moyejine  spheritjue  intensity,  as  it  corre- 
sponds to  the  strength  of  the  light  at  every  point  of  a  sphere 
of  which  the  arc  is  the  center.  It  has  the  disadvantage  of 
giving  a  lower  candle-power  than  the  lamp  actuidly  yields,  as 
in  all  arc-lights  but  a  comparatively  smalt  portion  of  the  mys 
are  directed  upward,  but  this  does  not  detract  from  its  merits 
in  comparative  measurements. 

Of  the  many  tests  made  of  arc-lamps  nnd  dynamos  in  the 
past  few  ycai-s,  it  will  be  sufficient  to  give  here  those  of  the 
committee  of  the  Paris  Exposition  of  1881,  as  these  are  very 
complete  nnd  include  the  better  known  and  mon;  succe.ssful 
of  this  class  of  apparatus.  The  table  Is  sulliriently  clear  to 
render  explanation  unncccsaiiry,  though  one  or  two  jmints 
require  mention.  The  horae-ijower  is  given  in  French  meas- 
nre,  which,  as  has  been  before  stated,  is  e<innl  to  75  kilogram- 
metres  per  second,  or  73.")-75  waits.  It  will  be  seen  that  the 
first  of  the  percentages  corresiMinds  to  efficiency  (2),  and  the 
second  to  efficiency  (5),  as  given  in  the  previous  chapter. 
The  third  gives  the  relation  between  the  total  electrical  work 
and  that  which  is  available  in  the  arcs.    The  number  of  car- 
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tinuous-Current  Generators  and  Lamps. 


THK  PARIS  EXPOSITION   OF    1S8]. 
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PEODCCnOX  OF  ELECTRIC  CtTEREXTS. 


eels  per  horse-power  applied  to  the  generator  shows  the  com- 
mercial value  of  the  different  sets  of  apparaCos  as  a  whole 
for  lightinji,  while  the  economy  of  the  lamps  by  themselves 
is  given  by  the  "  t-arcels  per  horse-power  of  enei^y  appearing 
in  the  arcs,"  Amde  from  showing  in  a  general  way  (hat  the 
economy  of  a  lamp  is  greater  in  large  than  in  small  lights, 
there  is  not  mnch  to  \ie  learned  from  these  figures  of  ihe  rela- 
tive tmiK>rtance  of  the  various  factore  upon  which  the  light 
depends.  The  Siemens  (9)  and  the  Brush  (11,  12,  13),  which 
are  the  only  long-arc  lamps,  appear  to  indicate  a  superior 
economy  for  such  lamps,  as  the  former  gives  81-3  carcels  "pet 
electrical  hor9e-iK>wer  api>earing  in  the  arc,  in  lights  of  52 
carceK  while  the  Brush  yields  71  carcels  in  lights  of  but 
39  carcels.  The  best  of  the  short-arc  lights  shows  85  carcels 
per  electrical  horse-power  in  the  arc,  in  lights  of  this  candle- 
power  (83  carcels  I.  Such  a  comparison  to  be  of  value,  how- 
ever, should  be  made  between  lights  of  the  same  candle- 
power,  or  on  the  basis  of  the  same  expenditure  of  energy  in 
the  arcs. 

The  Edison  machine  has  been  very  frequently  meas- 
ured, but  it  will  be  sufficient  to  give  here  two  U'sts — »»ue 
made  by  Mr.  John  W.  Howell  at  the  Stevens  Institute,  and 
the  other  by  the  committee  of  the  Jklunlch  Exhibition  of 
1882. 

In  the  former  the  electric  energy  developed  in  the  circuit 
was  determined  by  three  methods.  In  the  first,  the  current 
flowing  was  measured  by  means  of  a  voltameter,  or  cnp|M'r 
depositing-cell.  This  test  is  made  by  determining  the  amount 
of  copper  carried  over  from  one  plate  of  the  cell  to  the  other 
in  a  given  time,  from  which  the  current  is  readily  delenuined, 
as  a  nuTcnt  of  one  amj)^!*  deposits  •324r)U  milligramme  per 
second.  The  electric  energy  in  the  circuit  is  then  given  by 
tlie  product  of  (he  squai-e  nf  the  current  by  the  resistance 
(CU).  The  second  method  consisted  in  determining  the  ctip- 
rent  by  means  of  the  calorimeter — that  is,  by  finding  the  heat 
generated  by  the  current  in  a  coll  of  wire  of  known  resistance 
in  a  given  timt*.  This  heat  is  measored  by  immersing  the 
coil  in  a  definite  weight  of  water  and  noting  its  increase  of 
temperature.  The  energy  in  the  circuit  is  then  found  as  in 
the  first  metho<l.  The  voltameter  and  calorimeter  were  each 
Xflaced  in  the  circuit,  so  that  the  whole  cuiTent  passed  through 
them.    ThtiflH^^omplished  by  taking  the  shunt  field-cir- 
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cilit,  not  directly  fi-om  the  bnishes,  but  trtmi  the  main  rii*€uit 

beyond  the  point  at  which  the  measuring-cells  were  pliiced. 

The  thIM  method  ronsisted  In  measuring  the  electro- mo  tire 

force  and  the  resistance,  the  energy  in  the  circuit  then  being 

E"  E 

TT,  which  is  eqnivalent  to  C  E,  since  C  =  rr.    The  external 

rin'iiit  c<m8ist4?(l  of  iron  wire  of  the  normal  resistance  of  thft 
ninnbyr  of  lamps  for  which  the  machine  was  designc<l,  to- 
gether with  the  copper  loads  to  l>e  used  with  rhein.  The 
mechiinical  energ-y  applied  to  the  pnlley  of  the  dynamo  was 
measured  by  a  i>cndMlum  dynamometer  built  at  the  Insti- 
tute, and  everj'  rare  was  taken  to  have  its  indications  coiToct. 
With  a  dynamometer  of  this  kind,  the  power  transmitted 
is  proporiinnal  to  the  angle  through  which  the  pendulum — 
which  Imngs  iierpendiculnr  in  its  normal  pasition — is  lifted. 
Till'  inHtruraent  was  standardized  by  detcraiining  the  force 
which»  acting  at  the  circumference  of  the  dynamometer-pulley 
(one  foot  mdiust,  would  hold  the  pendulum  horizontal.  This 
was  found  to  be  17r2  pounds;  the  intensily  of  any  other 
force  would  therefore  be  given  by  multlplj-ing  this  by  the 
sine  of  the  angle  through  which  the  pendulum  was  raised. 
To  get  the  work  dune  per  minute,  or  the  power,  it  is  neces- 
sary to  multiply  this  force  by  the  distance  traveled  by  the 
pulley.  This  is,  of  coui-se,  the  product  of  the  nnml,>er  of 
revolutions  by  the  length  of  the  ciicumference  in  feet.  As 
the  radius  of  the  ptdley  is  one  foot,  the  travel  is  equal  to  the 
Dumlwr  of  i-evohitions  muUii>lied  by  (l-28:fti.  The  total  power 
transmitted  by  the  dynamometer  included  that  required  to 
overcome  the  friction  of  both  the  dynamometer  and  the  arma- 
ture of  the  dynamo.  These  combined  frirfions  wei-e  found  to 
equal  lUi  per  cent  of  the  power  transmitted,  while  that  of  the 
dynamometer  was  equivalent  to  10*9  per  cent.  The  net  power 
api>lie<i  to  the  armature  is  obtained,  therefore,  by  niulti])lying 
the  total  power  transmitted  by  -WSii,  and  the  gross  applied 
power  by  multiplying  the  transmitted  power  by  "Sfll.  Tlie 
data  and  the  results  obtained  by  these  tests  are  given  below : 


Data  obtained  from  Voltameter  Test. 

1^'eight  of  copper  gained  by  n^ative  plates  —  24,465  milli- 
grammes. 

•Hrae  of  tcit  =  fifteen  minutes. 
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Weight  gained  pev  second  =  27'183  n)i]]igmmtne«t. 

Average  speed  of  dynamometer  =  400'5  t«Tolutioiia  per 
minute. 

Average  deflection  of  pendulum  =  42"  30'.  (sine  =  *0T344) 

Resistance  of  ii-on  wire  =  "70  obni. 

Resistance  of  ii*on  wii-es  and  magnet  colls  in  multiple  arc 
=  •744  ohm. 

Total  i-esistonce  of  circnit  =  '744  +  .029  =  .773  ohm. 

Internal  resistance  of  armature  =  '010  ohm. 


Results  obtained  fbom  Data. 

27'183 
Value  of  current  in  ampdres  =  ^^~rz  =  83*753. 

Electrical  energy  =  (83-753)'  x  "773  x  44*24*  =  2a9880-?96 
foot-pounds  per  minnte. 

Energy  indirated  hy  dynamometer  =  171*2  x  •G7344  x  400*5 
X  6*2832  =  2y(J125-64  foot-pounds  per  minute. 

Friction  of  dynamometer  and  genei:ator  —  290125*54  x  '135 
=  39106-0479  foot-pounds  per  minnte. 

Enei-gy  used  in  turning  armatai-e  in  field  of  force=290l25"64 
X  *8B5  —  250Gr)8"59  fuol-pouuds  per  minute. 

Friction  of  djniamometer  alone  =  290126*5  x  -109  =  31623-GQ 
loot-pounds  per  minute. 

Energj*  actually  applied  lo  armatnre  pulley  =  290125-54  x 
•891  =  2.3850190  foot-pounds  per  minute. 

Of  the  total  electrical  energy,  2398807;™  =  4965*189  ap- 

•744 

peared  in  the  nrmature,  -rz-^ zr;r:  x  239880*720  ^  4647*39 

in  the  maa;net  coila,  and  2303i38'17ff  foot-ixiunds  per  minute  in 
the  exteraal  circuit. 

The  efficiency  of  the  generator  is  the  ratio  of  the  energy 
i"equii^  to  turn  the  armature  in  the  magnetic  held,  to  the 

tolnl  electrical  energy  developed  =  -  -— .    _    =  -OSd. 

The  rommerrinl   efficiency    is    the   mtio  nf  tlio  energy 
required  lo  drive  tlio  machine  (including  friclion)   to  the 


*  This  le  tbo  foctor  for  oonverttog  vrslts  into  foot-iiouDds  per  miuuto;  a 
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eleftricnl   energy  wMcli  appeaj^  in  tlie  external  circuit  = 

258501 -i^O  -*^^- 

Data  obtainki)  fuom  Calorijieteu  Test, 

Water  in  ralorimeter  =  77  pounds. 
Correction  for  waste  heat  =  1*71:)  pound. 
Range  of  temperature  =  UT*  -  69-8*  =  9-2* F. 
Specilic  heat  tor  tWs  range  =  1'0015. 
Average  8i>eed  of   djnamometer  =  394   revolutions   per 
minute. 

Average  deflection  of  jiendnlum  =  43"  24'  (sine  =  -08709). 
Time  of  test  =  sixteen  minutes. 

Re-sistanoe  of  ii-on  wii-es  and  t-alorimeter  coil  =  "(18  ohm. 
This  and  magnet  coil  in  multiple  arc  =  'OOT  ohm. 
Total  resistance  of  circuit  =  -1107  +  029  ~  '090  ohm. 
Resistance  <»f  calorimeter  coil  —  '1  ohm. 

HE9CLTS  OUTAIXED   FROM  THESE  DaTA. 

,       ,       J.       ,    .      .         78-78  X 1 -0015  X  9-2x772 
Energy  developod  in  calonmeter  = 

=  35022*807  foot-iHmmls  i)er  minute. 

Total  electrical  eneiKy=35022-8ff7  x  G'QG  =  243759*30  foot- 
pounds per  minute. 

EiiPi^jy  indicattnl  by  dynfiniometer  =  171*2  x  •C8709  x  394 
X  6*2833  —  291201-46  focit-iKiunds  per  minute. 

Enei"^y  iiswd  in  turning  annature  in  lieUl  of  foree— 291201  -40 
X  'WCj  =  2,118y9'2(;fi  foot-iMiuiidM  i^T  mijiute. 

Enei-gy  actually  applied  to  aimatui-e  pulley  =  291201  "46 
X  "801  —  2094605  foot-pounds  per  minute. 

Of  the  electrical  energy,  243759-36  x  T^^^.  =56^13- (*0  ap- 

*'iyi> 

•667 

peared  in  the  annature,  243759-36  x  -— — r— -  =  42l5'89  in 

'  -GCO  X  55-41 

the  magnet  coils,  and  2;J3939-81  foot-pounds  per  minute  ap- 

peai-ed  outside. 

243750-303        ^„^ 
Kfhn.ncy  =  ^j^-^^=.967. 

,  ,    „  .  233939-SI 

Commercial  efficiency  =  x^—tt^—^  =  '901, 

2594G0'5 
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Data  obtained  fr»m  Mkasi-kemkn't  of  Electro-motive 
F(.»]m;e  asd  Resi:jta:jce. 

Electro-motive  force  =  53  volts. 
Resistanctt  of  circuit  (external)  =  04  ohm. 
Beaist.'mce  between  bimlinjf-posts  =  •629  ohm. 
Averaga  speed    of   dynamometer  =  'Sod  revolutions    per 
minute. 

Average  deflection  =  42"  (uat.  sine  ~  01)013). 
Tolul  resistuuce  ot  eireiiit  =  (lort  ohm. 

Results  obtained  from  these  Data. 


Energy  developed    in   external  circuit 
1975C7'43  foot-pounds  jter  minute. 

Total  electrical  enei^jy  =  ia7507-43  x 


•e-29 


X   44-34  = 


■a.i8 


foot-poiinda  per  minute. 


•02l> 
•016 


=  2066780206 


Knerj^y  in   armature  =  206673*030  x  -  —  =  5035-5    foot- 

'OOO 

pounds  per  minute. 

Energy    in    magnet    coils  =  ^^  x  44-24  -  33580   foot- 

pounds  per  minute. 

Energy  in  extei-nal  circuit  =  198283*8  foot-pounds  per 
minute. 

Energy  indicated  by  dynamometer  171 -2  x-00918  x  355  x 
6-2S32  =^  255519'{>4  foot-pounds  pt-r  minute. 

Energj-  used  in  turning  armatuix?  in  tieldof  force  255619'04 
X  '865  =  32102397  foot-]iOunda  per  minute. 

Energj'  artnally  applied  to  armature  pulley  255519*04  x 
•891  =  237G07'47  foot-p<)undH  p**i-  minute. 

^-.  ,  2oefl73(»20i> 

Commercial  efficiency  =  — -  =  '87. 

Average  efficiency,  -O'A. 

Average  commei-cial  etiirienoy,  *8e7. 

The  Municli  committee  examined  three  sizes  of  the  Edison 
machine— those  for  2^',  OO.  nnd  17  lamps— but  it  will  be  suffi- 
cient to  give  the  tests  of  the  60-lamp  machine.    Tlie  experi- 
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CHAPTER  I. 

PiliST  MODE  OF  DISTIUBdloy. 

It  iselertrit!  lighting  which  has  had  U>  solve  the  problem 
of  the  distrihiition  of  electricity.  At  first  the  most  powerful 
center  of  H^ht  possible  was  sought  for,  by  concentrating  on 
one  given  \MAxii  the  highest  ijitensity  of  current;  when  the 
lii*st  practical  u]>plication  of  it  came  t«  be  tried,  it  was  eviJent 
that  these  concent mted  masses  of  light  did  not  meet  all  the 
necessities  of  the  case  ;  that  in  the  great*>r  number  of  cases  a 
light,  weaker  iwrhajis  in  total  intensity,  Init  better  distrib- 
uted, would  be  preferable ;  finally,  thai  it  was  necessary  to  in- 
crease the  number  of  lights,  even  ut  the  risk  of  reducing  their 
brightness. 

But  all  this  was  not  unaccomiMinied  by  difficulties :  as  the 
question  at  this  time  was  simply  how  a  very  limited  number 
of  lamps  were  to  be  made  to  work  at  the  same  time,  attention 
woB  devoted  to  the  lamp  itself  ;  this  first  question  was  solved, 
as  we  have  stated,  by  the  derived-circuit  lamps.  Scarcely  was 
this  answer  obtained,  when  it  was  found  incomplete,  and  the 
endeavor  was,  not  only  to  place  several  lamps  upon  the  same 
circuit,  but  to  derive  even  several  circuits  from  one  machine. 
Had  this  problem  Iwen  attacke<l  dir?ctly,  it  would  have 
amounted  ro  the  very  question  of  the  division  of  the  ruirent. 
At  the  period  nlluded  to,  about  1872,  it  was  fjirfri)m  rii>e  ;  it 
WOB  evaded,  and,  instead  of  dividing  the  electric  ciin-em  as  it 
left  the  machine,  the  machine  itself  was  divided. 
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I.  Electric  Conductors. 

Tlie  fii-st  marliine  which  had  given  a  }tractical  ph'rtrio 
light,  the  Alliance  machine,  had  ah-eady  furnislu'd  nn  i^xamplo 
of  this  method,  and  naturally  pointed  out  tlus  way  ;  it  is,  as 
we  have  seen,  composed  of  a  series  of  bobbins  i)li«red  circu- 
larly on  wooden  disk's  ;  each  of  tliese  disks  constitutes  a  rinn- 
plete  machine,  and  Ciiu  work  independently.  It.  was  not  long 
before  it  wa.s  known  how  to  separate  them  so  as  to  form  in- 
dependent circuits  connected  with  different  apparatus;  the 
alternating-current  machine  of  I/ontin  by  different  means  at- 
tained the  same  result ;  the  armature  bobbins,  tixed  in  place, 
were  coupled  in  separate  seiies,  each  devoted  to  supplying  a 
circuit  of  its  own  ;  a  similar  an-angement  was  adopted  in  the 
Gramme  alternating-cunvnt  machine,  where  the  sections  of  the 
armature  ring  were  separated  so  as  to  work  independently. 

These  methods  did  not  amount  to  the  true  distribution  of 
light ;  nevertheless,  they  nro  the  only  ones  which  have  been 
employed  in  the  last  few  years.  Before  tlie  Exhibition  of 
1881  no  other  methods  hail  l>een  se<'n  in  genuine  practical 
working,  and  it  is  with  tliese  very  limited  means  that  the  im- 
portant applications  known  to  all  the  world  have  been  made. 

These  works,  however,  have  led  to  complete  and  interest- 
ing studies  on  conductors,  and  themethod  of  arranging  them ; 
these  results  do  not  depend  on  the  method  of  division  em- 
ployed, and  are  obtained  from  theory;  it  will  }>e  useful  to 
devote  a  few  lines  to  them. 

All  conductors  hitherto  employed  are  of  copper ;  of  all 
good  condncting  metals  it  is  the  only  one  whoso  price  is 
reaaonnblc  ;  iron  is  cheaper,  it  is  tnic,  for  equal  rondncrivity, 
but,  when  onrrent.ii  of  a  certain  intensity  liave  to  be  passed, 
its  n.se  renders  so  larg*^  a  conductor  necessary  that  tlu!  wire 
ceases  to  be  manageable,  and  necessitates  i^peated  solderings, 
which  would  compensate,  and  more,  for  the  low  jjrice  of  the 
iron. 

There  would  be  a  certain  advantage  in  using  an  uncovered 
wire  suspended  in  the  air :  the  cooling  would  be  easier.  But 
in  practice  this  arrangement  meets  with  many  obstacles.  A 
wire  suspended  in  the  oi:)en  air  is  liable  to  many  accidents ; 
dampness  occasions  loss  of  current  by  the  supi)orts — losses 
which,  annoying  even  with  the  weak  telegraphic  currents, 
would  be  intolerable  with  the  strong  currents  used  for  the 


316 


DISTRIBUTION  OF  ELECTRICITY. 


elective  light.  Tims,  as  a  rule,  the  conductora  are  necessiirily 
placed  unJergrouml,  and  are  pi-ojxirly  insulated. 

The  settion  of  the  conductor  vuriea  natumlly  with  tho  in- 
tensity of  the  current  It  should  bo  largt;  enough  to  avoid 
all  sensible  heating;  but  ns  in  reality  the  i-esistanc©  of  the 
conductor  can  not  be  reduced  to  zero,  the  passage  of  the  cur- 
rent always  causes  heating.  The  question  then  arises  of  where 
the  saving  is  to  be :  on  one  side  are  the  interest  and  depre- 
ciation to  be  char<;ed  against  the  cost  of  putting  np  the  con- 
ductor; on  the  other  side  the  cost  of  the  electricity  which  ia 
wasted  in  healing  the  wire  by  its  passage.  This  last  expense 
la  incurred  only  during  the  working  periods  of  the  system  ; 
the  length  of  these  periods  of  lighting  must  then  be  taken 
into  account  in  the-se  calculations.  In  cases  where  the  con- 
ductor is  of  large  diameter,  instead  of  using  a  conductor 
formed  of  a  single  large  rod  of  metal,  a  cable  formed  of  sev- 
eral wires  united  and  lightly  twisted  together  is  adopted. 
These  cables  are  more  flexible  th^n  a  single  heavy  -nii-e,  are 
more  easily  placed,  and  ore  less  liable  to  break,  the  wires 
rarely  all  breaking  at  one  and  the  same  jiiare. 

The  conducting  wires  are  rnvered  with  silk  or  cotton, 
braided  by  a  machine:  sometimes  gutta-percha  is  employed. 
If  a  cable  is  in  question,  it  is  wTnpived  ^itb  silk  liands  im- 
pregnated with  coal  tar,  or  with  Iiidm-nibber  l>ands;  some- 
times it  is  passed  throngh  a  regular  India-rubber  tube;  the 
cables  at«Ml  in  the  Jnblorhlcoff  system  are  thus  insulated.  If 
the  comluctors  ai-e  placed  in  very  wet  sitnations,  they  are 
covered  with  leaden  tubes ;  this,  for  example,  has  been  done 
with  tho  telephone  wires  tliiit  pass  rhrongh  the  Parisian  sew- 
ers; tlie  cables  running  under  the  pavement  of  the  Place  du 
Can-aiisel  were  made  in  this  manner  also. 

When  a  water  or  gns  main  ia  laid  it  ia  tested  throughout 
its  length  for  obstructions  or  leaks  ;  in  the  same  way,  when 
one  of  these  large  conductors  is  laid,  its  good  working  has 
to  be  tested  with  exact  in**truments;  not  only  must  the  cur- 
rent pass,  but  it  must  i)a.ss  with  the  requisite  intensity;  for 
this  reason  tho  cable  is  tested  to  see  if  it  has  the  normal  re- 
sistance, and  if  there  ia  no  loss  of  electricity  in  its  course 
through  it. 

Further  on  we  shall  see  interesting  systems  of  can.aliwition 
for  the  most  complete  distribution  ;  but  so  far  they  have  not 
been  applied.    The  means  which  we  are  about  to  briefly  de- 
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Rrribe  have,  on  the  <^on^^lry,  n^ndered  pvait  sen'icK ;  they 
have  been  used  for  tm])ortunt  iiistallutioiis  of  H^ht  that  were 
relatively  quite  different  in  tlieir  comlitiujLs. 

The  two  exti-emes  are,  without  doubt,  on  the  one  hand 
lighting  with  ordinary  regulators,  surh  as  liiose  estahlished 
by  M.  Jasiuir,  in  wliicli  eatdi  lainp  has  ita  machine  ;  and, 
on  the  other  hand  the  Brush  system  of  lighting,  wlir-re  as 
many  as  thirty-four  lamps  tiave  tte-en  p!a<'wl  on  a  eirctiit.  over 
six  kilometres  long.  One  ran  not  help  thinking  tliat  IxjtU 
systems  have  Iheli*  weak  jwints.  Tlie  tirst.  a  very  simiile  one, 
ia  very  costly  in.  its  plant ;  the  second,  although  it  has  gen- 
ei-ally  given  good  results,  evidently  puts  the  apparatus  in 
a  cundition  of  ref-iprocul  dependence  i}iat  is  a  source  of 
dan^r.  A  medium  coui-se  is  pi*obably  the  best,  and,  as  in 
systems  employing  divIded-ruiTent  machines,  distinct  eirruits 
may  be  adopted,  each  one  currying  a  reasonable  numl)er  of 
himps. 

We  will  descrilw  as  an  example  the  lighting  of  the  port  of 
Havre  by  means  of  the  Jablochkotf  candle,  n  plant  recently  put 
in  place,  and  which  comprises  almost  all  the  improvements 
which  this  method  of  dividing  the  light  is  susceptible  of. 


U.  Dlsposition  of  Electhio  Wires  fob  liohtixg  the 
Port  of  Havhe. 

The  port  of  Havre,  as  is  known,  is  a  sea-port,  and  large 
vessels  can  only  enter  it  at  high  tide.  When  both  high  tides 
come  at  day-time,  vessels  which  miss  the  first  can  enter  by 
the  second  tide,  and  consequently  have  only  eleven  houi-a  to 
lay  in  the  roads ;  but,  w  hen  the  rides  come  one  in  the  day 
and  one  at  night,  the  ship  which  missed  the  day-tide  could 
not,  np  to  the  present  time,  enter  the  port  Iwfore  the  following 
day;  stmietimes  it  had  to  remain  twenty-four  hom-s  in  iho 
roadH.  The  anchorage  at  Uavre  is  excellent  for  vessels  to  lay 
at  in  calm  weather,  but,  when  it  blows,  the  anchor  must  be 
lifted.  The  transatlantic  steamere  know  something  of  this, 
and  several  steamers  have  been  cited  this  winter  that  were 
forced  to  go  to  Cherbourg  to  land  their  passengers. 

This  was  the  source  of  the  strong  desire  mariners  had  to 
be  able  to  enter  the  port  of  Havre  by  night  a.s  by  day,  and  it 
was  at  their  reijuest  that  the  city  authorities  decided  to  light 
the  port  by  electiic  light.    This  decision  was  reached  in  the 
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year  1880,  bnt  it  is  only  since  the  banning  of  the  year  1881 
that  the  lighting  ha^  been  in  operation. 

Whenever  tlien^  is  a  night-tide  the  jetties,  breakwater,  and 
principal  dork,  are  liglifed  an  hour  before  and  two  licmrs 
after  the  {leiiod  of  the  full  tide,  and  large  Hhii»s  can  enter 
jnst  us  l)y  daylight. 

The  in.stailation  comprises  thirty-four  lumps,  thirty-two  of 
which  are  shown  on  the  phm  in  Fig.  1SJ7;  two  others  were 
added  after  this  plan  was  laid  out,  and  tl»e  machines  em- 
ployed have  cjijiacity  to  supply  forty. 

Tliese  thirly-two  lights  are  ])la<;ed  on  six  riivuits.  The 
first  circuit  of  four  lamps  (1  to  4)  lights  the  north  jetty  ;  it  is 
3.0(10  metres  long,  going  and  coming.  The  second  cii-cuit  of 
five  lamps  (5  to  9)  lights  the  large  quay,  it  meiisures  S.ftlX) 
metres  ;  a  sixth  lamp  has  bt«!n  added  to  it,  placed  in  a  red  lan- 
tern and  serving  a.s  a  guide  to  s\iht  by.  The  third  cin^uit  of 
six  lampM  (10  lo  Ifi)  comprises  the  Notre- Dame  and  l)e  la  Barre 
docks;  it  is  1,900  metres  long.  The  fourth  cin;uiL  of  six 
lamps  (16  to  21)  lights  the  lower  end  ;  it  InciiideH  a  red  light, 
and  measures  1,250  metres.  The  tifth  circuit  of  six  lighlH  (22 
to  27)  lights  the  d(wk  v(  the  Irsiusutlautic  aud  those  of  the 
Florida  steamers  ;  it  is  1,4(M>  meli-es  long.  The  sixth  i^inniit 
of  five  lamps  (28  to  1^2)  lights  the  wmth  jetty;  it  measures 
2.0m)  metres,  and  Iiils  a  red  light. 

The  machines  are  installed  not  fjir  from  the  tmnsatlantic 
dock.  Two  steam-engines  of  thirty-five  horse-power  each 
drive  four  self-exciting  Onimme  nmchines  of  type  2.  One  of 
these  four  Gramme  machines  works  on  open  circuit ;  it  is 
only  intended  for  use  when  an  accident  happens  to  one  of  the 
thi-ee  others.  Kach  of  the  others  supplies  two  circuits.  As  all 
the  circuits  are  similarly  arranged,  we  shall  only  consider  the 
working  of  one  of  them. 

It  is  shown  in  the  annexed  diagram  (Fig.  198),  in  which 
the  proporrion  of  parts  has  not  been  preserved,  but  which  is 
only  designed  to  indicate  their  respective  positions. 

M  Ls  the  self-exciting  Oramroe  machine,  supplying  the  two 
circnits  C  and  C,  of  wliich  we  shall  only  consider  the  first. 

The  cnrrenl  of  this  machine  is,  to  begin  with,  susceptible 
of  a  certnin  regulation  by  means  of  a  resistance,  R.  connected 
with  the  terminals  B  and  B'.  This  apparatns  is  placed  between 
the  exciting-machine  and  field  of  the  generator,  so  that  by 
changing  the  resistance  the  intensity  of  the  magnetic  field 
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can  be  niodfi  to  vary,  iind  the  rurrent  pitMiiia^l  can  tlius  be 

n!glllllt4!tl. 

Th«  conductors  forming  tlie  cirnuit  (!,  under  consideration, 
tinit  reanh  two  liandles,  P  and  H',  temiiimtad  by  metallic 
pieces  tliat  }X,o  into  metallic  Hocket**,  (J  and  G',  fa^ttened  on 
the  w(M>den  baiie,  E.  The  objet'i  of  this  aiTfin/rement  is  the 
following:  If  any  at^cident  liappens  lo  the  machine,  tlie  han- 
dles, P  P',  are  lifted  and  replaced  by  two  other  similar  onea 
that  receive  the  wires  from  the  reserve  madiim!,  ho  that  the 
current  will  not  be  interrupted  but  tor  a  ve!*y  short  period. 

In  tlie  course  of  the  conductor,  L,  as  it  leaves  G,  a  resist- 
ance-fiume  is  placed,  designed  to  render  the  cnmmt  through 
the  cirtTuit  0  equal  to  that  tlirough  the  other  circuit  (''  of  the 
machine.  The  unequal  intensity  of  these  two  currents  is  due 
to  two  causes :  firsts  to  the  inequality  of  length  of  the  cir- 
<ruits,  and  consequently  of  resistance,  sec^ondly,  to  this  fact, 
proved  by  experience,  tlmt  in  the  self-exciting  machine  the 
circuit  C.  that  is  nearest  to  the  exciter,  has  a  higher  electro- 
motive force  produced  in  it  than  the  other.  The  frame,  S, 
makes  both  currents  eqtial. 

Tlie  conductor.  L.  next  reaches  at  B  a  double-contact 
switch.  The  two  condnctoi*8,  V  and  L",  which  leave  H,  run 
ont  of  the  engine-room,  and  carry  the  current  to  the  lamps  F, 
F.  F ;  they  return  by  the  wire  L'. 

Before  returning  to  G',  this  return  circuit  jxisses  through 
an  electro-magnet,  A,  which,  during  the  passage  of  the  cur- 
rent, holds  an  armature,  D,  constantly  attracted.  If  an  ex- 
tinction be  produced  in  any  lamp,  the  current  ceases  to  pass ; 
the  armature,  as  it  separates,  closes  the  contact,  K,  and  sounds 
an  alarm-bell,  T ;  this  gives  the  warning,  and.  as  we  shall  see, 
the  relighting  can  be  immediately  effected. 

As  we  have  seen  already,  most  of  the  circuits  contain  six 
lamps;  in  our  diagram,  for  the  sake  of  simplicity,  we  have 
only  shown  thnH\  All  these  lamps  hold  four  Jablochkofl 
candles,  with  six  millimetre  carbons;  but  tlie  lirst  ones  con- 
tain each  two  i-andle-h<jidei-s  with  two  candles  each,  and  have 
consequently  two  return  wires  ;  the  hist,  on  the  contrary,  con- 
tains a  four  candle- holder,  of  the  ordinary  form,  with  a  single 
return  wire.  Finaily,  in  the  foot  of  each  candelabrum  is 
placed  a  switch- Iward,  O  O',  of  six  plates,  through  which  the 
current  passes  before  reaching  the  lamp. 

This  arrangement-,  apparently  complicated,  attains  two  re* 
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salts :  tirst,  in  normal  working,  without  leaving  the  engine- 
ifKim,  the  superintendent  can  oanei*  the  current  to  pass  from 
the  candles  1  to  the  candles  2,  by  means  of  the  switch  H ;  in 
(he  second  place,  in  case  of  extinction,  after  having  replawid 
the  rundies  1  by  randle-s  2.  he  cnn  pi-epure,  by  simple  mimipii- 
lution  of  the  switches,  O  O',  the  candles  3  for  a  fresh  passage 
of  the  current. 

To  understand  how  (his  is  effected,  lei  us  first  suppose  the 
switch  H  so  placed  thut  the  cniTent  follows  the  conductor 
It":  it  first  reaches  the  upper  left-hand  piece  of  the  switch- 
hoard  O  O'  of  the  first  lump-post ;  thenco  it  soea  to  the  candle 
]  ;  following  then  the  return  wire  from  the  lamp  1-3,  it  reaches 
the  middle  piece  on  the  snme  side,  and  leaves  that  for  the 
switch  of  the  sprt)nd  lamp-jMJst.  In  this  as  in  tlie  rest  thft 
cuH'ent  takes  the  siime  course,  and  it  is  the  same  in  the  last, 
with  this  exception,  that  there  is  one  i-eturn  wire  only ;  finally, 
the  current  i-etnrns  to  the  machine  by  the  wire  L',  passing 
through  tlie  elertro-niagner  A. 

In  this  coni-se  it  will  be  swm  that  the  cnm^nt  follows  the  fuU 
lines  <it  the  eliiignam.  If,  now,  when  the  cantHes  1  are  burned 
up,  tlie  switch  H  be  i-liauged,  so  lliat  the  current  traverstis  L", 
it  will  follow  a  course  alisolutely  sj-mmetrical  with  tlu?  lirstone, 
indicaf^Kl  by  the  (lotted  lines,  and  will  supply  the  ramllcs  2. 
The  rtjtum  will  take  place  as  before,  through  the  wire  L'.  At 
present,  suppose  timt  the  current  coming  through  L''  (fnll  lines) 
and  lighting  the  candles  I,  a  sudden  extinction  takes  place, 
notice  of  it,  in  the  engine-room,  will  be  given  by  the  bell  T;  the 
first  rhing  to  he  done  will  l>e  Ut  place  the  switch  11  upon  I/", 
wliich  will  li^ht  all  the  trandles  2,  so  that  the  lighting  will  have 
no  interruption  of  iiny  considerable'  length.  Then  each  lamp- 
post must  be  visited,  and  the  hole  that  separjites  the  two  up- 
per pieces  of  its  switch-board  must  be  closed  with  a  screw- 
plug  ;  the  right-hand  piece  communicating,  as  we  Itave  seen  in 
the  drawing,  with  the  candle  tJ,  it  follows  that  after  this  new  ar- 
rangement of  the  switch-board  O  O',  if.  at  the  moment  the  can- 
dles 2  are  burned,  the  switch  of  II  be  again  preswd  u|jon  the 
conductor  L",  the  current  will  pass  through  all  the  candles  3. 

If.  then,  following  this  out,  the  lower  pieces  of  the  switch- 
board at  O'  be  connected,  as  the  left  hand  is  in  relation  to  the 
candle  4,  a  new  change  of  the  switch  H  will  light  all  the 
candles  4. 

Thus,  in  a  single  evening  all  four  caudles  of  the  same  lamp 
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ran  be  lighted.  But  in  Havre  this  is  never  necessary;  the 
illnminiitum  lasts  only  three  hours,  so  that  two  candles  are 
qtiito  snlfirii'nt^,  and  in  normiil  operation  the  current  is  shifted 
from  one  riindle  to  the  other  by  the  attendant  in  the  eni^ne- 
niDm.  The  iimmgempnt  we  have  just  deacrilied  is  only  of 
viiluc  in  (■n.sf  of  an  accident. 

In  *':i.iih  of  the  Hwit^'h -boards  of  the  lamp-posts,  the  tipper 
left-hand  pieri:  anti  the  lower  right-hand  pinre  can  be  con- 
ncf't^id  by  a  Hrrew-i)iug  earli  one  with  the  corresponding  mid- 
dle piece.  These  two  connections  are  for  the  purpose  of  ciU- 
ting  out  the  lamp  from  the  circuity  whether  the  cnrrent  passes 
thi-oiigh  L"  or  L'". 

The  ammgement  of  the  six  circuits  is  similar  to  that  which 
we  have  described  :  all  the  wires  first  r(^a<'h  the  beam  E  which 
snpports  all  the  handles;  the  electro -magnets  A  and  the 
switches  H,  marlced  with  numerals  in  their  order,  are  arranged 
side  by  side  in  the  operating  or  engine-room,  .so  that  the 
muDipuhilion  is  thus  rendered  very  easy. 

All  the  conductors  go  out  together,  and  then  di\'erge 
toward  the  different  jwinta  where  they  are  to  be  used. 

At  pliiivs  where  the  cablfifl  must  be  fastened  together  nn- 
dergnmnd  it  is  de^sinible  to  avoid  splicing  and  to  provide  a 
means  of  control  and  rejiair ;  for  that  purpose  the  s|)ecial 
aiTangement  sluiwn  in  section  in  l*Mg.  199  has  been  adopted. 

A  A  is  an  tairthenware 
cylinder  about  fifty  cen- 
timetres high;  it  is  placed 
underground, and  Iheiwo 
ends  of  the  calile  to  be 
unitetl  are  passed  intci  the 
box  thniugh  its  lower  end 
and  Iwnt  upward.  Tlie 
cylinder  is  then  filled  to 
about  (me  third  of  its 
height  with  flun  cement; 
alwve  the  layer  oC  (cement  SU*^ 
the  iiible  is  laid  bare,  and 
the  two  ends  united  by  a 

screw- coupling ;  the  whole  is  covered  with  a  layer  of  paraf- 
fine;  the  cylinder  is  then  closed  with  cement.  Each  cylinder 
of  this  kind  contains  several  junctions ;  the  number  varying, 
according  to  the  circmnstanoes,  from  tliree  to  twelve,     A 


Flo.  lOS.—Juiirti oil-box. 
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sheet-iron  cover  with  a  hole  through  ita  middle,  and  laid  flush 
witli  the  soil,  closes  the  cylinder.  When  tlie  Junctions  are 
to  be  examined  this  plat*  in  raised,  the  upper  layer  of  cement 
is  broken,  and  the  paraffine  is  thus  reached. 

The  engraving  (Fig.  2iK))  gives  an  idea  of  the  effect  pro- 
duced, and  enables  a  contxiption  to  be  formed  of  the  extent  of 
this  plant,  one  of  the  largest  and  most  carefully  laid  out  in 
existence. 


CHAPTER  IL 

COyniTIONS  OF  a  osi/bral  distributiox 

To  tell  the  tmth,  in  all  the  installations  of  a  number  of 
lamps  which  we  are  describing,  the  problem  of  the  distribution 
of  the  light  is  mon^  often  studied  than  solved  ;  in  practice,  the 
generaling  machine  is  divider!  iuto  several  separate  genera- 
tors ;  on  each  of  the  circuits  thus  obtained  u  restricted  num- 
ber of  lami)s.  self -regulating  within  a  certain  range,  is  placed ; 
moreover,  when  the  whole  is  once  in  position  and  adjusted^ 
all  remains  in  the  same  stat^*  during  the  [mriud  of  action.  In 
a  genuine  distribution,  the  juiwer  of  adding  or  removing  some 
lamps  must  exist,  without  disarranging  those  which  aiv  still 
working,  the  electrical  generator  furnishing  always  the  exact 
quantity  of  current  necessary  for  whatever  number  of  lanifHt 
may  be  working  at  the  time.  L'nder  these  conditions  variable 
quantities  of  work  must  be  produced,  acconling  to  the  de- 
mand, and  divided  acconling  to  the  need^,  which  may  be 
variable.     The  pi-oblera  is  then  inlinitely  more  complicated. 

The  general  conditions  to  which  the  solution  must  conform 
may  be  now  understood.  A  generator  being  given,  there  are 
only  two  means  of  making  it  supply  sevend  electrical  appa- 
ratus :  the  first  is  to  place  them  in  succession,  one  after  th« 
other,  on  a  single  circuit ;  theaecf^nd  is  to  arrange  them  singly 
or  in  groups  acr^fss  the  circuit:  in  the  first  case,  the  lamps 
are  said  to  be  eltlier  in  series  or  in  tension  ;  in  the  se<T<)nd  case 
they  ail!  in  derivation,  quantity,  or  in  multiple  arc. 

A  compari8<m  will  mnder  sen.sible  the  tiilTei-euc©  between 
the  two  arrangements.  SupiM>se  the  pn)blem  is  to  utilize  a 
waterfall  i)y  c4mHing  it  Ui  turn  several  water-wheels;  these 
can  be  placed  one  below  the  uLber,  each  of  them  receiving  all 
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the  water  of  the  fall,  hut  ndlizing  only  a  part  of  its  height; 
or  one  can  he  jilaced  bfiside  the  other,  eanh  of  them  titilus- 
ing  all  the  height  of  the  fall,  but  receiving  only  a  part  of  its 
watfT-stipply.  In  the  first  oawc  the  appaiutiis  an?  in  series, 
in  the  swfmd  they  are  in  derivation. 

This  comparintin  shows  us  how  the  two  systoniH  of  division 
can  work.  In  the  first  ease,  the  fall  Iwing  ah-eady  utilizf^l,  if 
we  wish  t<i  introduee  a  new  water-wheel,  to  iind  it  a  jjlafe,  it 
will  iMi  necessarj'  to  inerease  the  heif^ht  of  the  fali,  the  volume 
of  the  river  remaining  the  name ;  in  the  second  case,  it  will 
he,  on  the  contrarj-,  the  volume  of  the  river  which  must  be 
increased  to  actuate  the  new  wheel,  the  height  of  the  fall  not 
needing  to  I)e  changed.  In  an  electric  system  it  may  be  said 
that,  with  the  sirrangement  m  series  the  tension  can  be  changed 
without  changing  the  intensity,  while  with  the  arrangement 
in  derivation  the  tension  will  remain  constant,  the  intensity 
being  made  to  vary. 

In  all  rases  there  is  an  element  which  varies  according  to 
the  expenditure  of  electrical  energy  which  rhe  lighting  appa- 
ratus require.  It  will  always  be  necessary,  therefore,  for  vari- 
able conditions,  to  provide  a  system  adapted  for  regulation  of 
the  generator,  constantly  keeping  it  in  condition  to  famish 
the  quantity  of  electricity  requisite  for  the  work.  This  ar- 
rangement is  indispensable  ;  it  can  only  be  sujipressed  if  the 
source  of  electricity  could  be  reduced  to  a  simple  force  with- 
out material  organization  ;  in  this  case,  all  the  curuit  being  a 
useful  ch-cuit,  the  production  would  naturally  become  pro- 
portional to  its  chance  of  escape.  But  this  result  is  impos- 
sible. The  generator  always  forms  a  portion  of  the  circoit, 
and  indeed  often  an  important  part ;  its  presence  implies  the 
necessity  of  a  regulating  organ,  without  which  it  is  impossible 
to  solve  fully  the  problem  of  distribution. 

The  worth  of  the  solution  of  the  problem  depends  on  the 
perfection  of  the  regulating  metihanism  which  it  involves, 
and  in  the  degn^e  of  perfection  with  which  it  fulfills  the  three 
following  contlitions : 

1.  All  the  apiHiratus  platred  on  the  ciniuit  of  the  same 
electric  generator  must  work  independently  of  each  other. 

2.  The  regulation  which  should  be  exexcised  over  the  gen- 
erator for  attaining  the  pi-eceding  i-esuU  should  be  i)erformed 
automiitically  and  by  the  current  itself,  no  human  surveil- 
lance being  as  quick  and  as  exact  us  elevtricity. 
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3.  The  Palliation  ahuuld  he  managed  so  that  liie  genera- 
tor, while  Buffioing  for  vaiiable  exp(m<iituree,  may  never  exact 
work  in  exwss  of  the  expenditure^  so  that  there  is  no  loss. 


I.  Rkotilatoks  ok  tuv.  IktI':nsity  of  Cdikkniv. 

We  have  said  that  the  question  of  distribution  had  been 
propounded  after  the  serious  study  of  electricity.  As  long 
as  regulatora  and  candles  only  were  used,  the  imperfect  means 
described  above  were  sufficient.  But  with  incandescent  lamps, 
illuminators  of  very  reduced  intensity,  the  number  of  pieces 
of  apparatus  on  the  same  generator  must  be  considerably  in- 
creased ;  the  problem  of  distribution  then  presented  itseU, 
and  it  had  to  be  met  and  solved  more  or  less  completely. 

As  long  an  only  light,  was  under  consideration,  (he  appa- 
ratus all  being  equal,  their  consumption  of  electricity  ooidd 
be  known  in  ndvanco,  and  the  question  was  accordingly  sim- 
plified. Thus,  the  Klecfrical  Exposititm  of  Paris  contained  a 
certain  number  of  distributions  of  light.  But,  to  tell  the 
truth,  none  were  seen  actually  at  work  ;  the  lights  of  the  Ex- 
hihition  were  regulated  once  for  all ;  when  they  were  in  ac* 
tion  they  never  changed,  and  the  current-regulators  had  no 
occasion  for  working.  No  special  experiments  seem  to  hare 
been  made  to  determine  their  efficiency ;  nevertheless,  they 
are  interesting  to  understand.  We  have  described  already, 
in  Book  IV.  the  current-i*egulator  of  Maxim  and  Edison.* 
We  add  to  them  that  of  Mr.  Lane-Fox. 

The  regulator  of  current  intensity  of  Mr.  Lane-Pox,  shown 
in  Fig.  901,  has  as  principal  organ  a  sort  of  vibrator  actuated 
by  an  electro-msignet,  E,  and  designed  to  turn  a  ratchet-wheel, 
N,  whose  axis  carries  a  toothed  pinion  placed  between  two 
beveled  wheels,  U  R',  mounted  on  a  common  axle.  This  axle 
carries  at  its  extremity  a  friction- lever,  F,  which  moves  in 
front  of  a  series  of  contact -pieces,  C  C,  corresponding  to  rega- 
larly  increasing  resistances.  According  as  one  or  the  other  of 
the  wheels,  R  R',  moves  the  axle,  and  tonyequenlly  the  lever 
in  one  or  the  other  direction,  it  reduces  or  Increases  the 
resistances  introduced  Into  the  circuit. 

The  axle  of  the  wheehs,  R,  K',  can  be  moved  longitudinally 

*  (It  wm  found  Dcocaeorv  to  suttatitute  for  tho  HuUiur's  account  a  more  eom- 
plote  una,  and  to  pWe  it  nfl^cr  the  dcMMi^tion  of  Maroel  Deprex^a  systent,  aa  iho 
reasons  for  it«  Adoption  oould  Uieo  be  twttcr  approciaUid.] 
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under  the  induence  of  the  armature  A,  common  to  the  two 
electro-ma^etfl,  E,  E'.  A  relay  with  doiible-oontact,  E",  I, 
plaiwi  in  a  derived  ciiTiiU,  sends  into  one  or  the  other  olf 
these  elfHttrn-ma^ets  ii  Local  current ;  the  nimRture  A  at- 
tracted to  the  right  or  left  moves  the  axle  so  as  to  make  the 
pinion  engage  sometimes  with  one,  sometimes  with  the  other. 
of  tht!  two  wheels  R,  R'. 

It  remains  to  examine  briefly  the  extent  to  whieh  these 
ap])anitiis  fnltill  the  conditions  recited  alwjvp. 

Kdison's  method  consists  in  ttie  use,  for  exciting 
the  gimerntinp  niarhine,  of  a  derivation  of  the  prio- 
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I'm.  901.— Lone- Foi'»  reKul^t^t  ^l  LurriJLL  LuUnsilj', 

cipjil  fircnit.  Tn  this  derivation  resimances  are  intnuluced  by 
hand,  according  to  the  indications  of  ii  galvanometer,  or  more 
Hinipiy  of  a  test-burner.  AVIiat  is  lacking  in  this  prooess  is 
j)erfectly  clear — it  is  not  autonmliti,  and  only  suffices  for  a 
preliminary  re^ilatitm,  or  for  slight  and  foreseen  variations. 
It  can  net  answer  for  the  service  of  an  extendetl  and  varied 
distribution  in  which  sudden  and  considerable  changes  occur; 
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arcidentH  would  ba]>pen  ImforB  the  utluudaut  cuuld  prevent 
them,  admitHnjf  «vi*ii  that  liy  Hustmned  continuous  attention 
ho  may  l»'  always  i-eady  tu  act.  It  is  a  practically  useful 
methtid,  suffiring  perhaps  fur  diobI  syutems  of  lighting ;  but 
is  not  really  a  general  solutifiu  of  the  pr«)blem  of  the  distri- 
bution of  light,  nor,  for  a  stronger  reuson,  of  the  dlstrlbutiun 
of  electricity  for  all  the  various  uses  to  which  it  is  adapted. 

The  merhftds  angge-sted  by  Messrs.  Lane-Fox  and  Hiram 
Maxim  are  theoreticjilly  more  cora])lele  :  it  is  not  certain  that 
they  are  more  efficacious.  The  n^ulators  which  they  employ 
8TC  very  slow  in  action  ;  that  of  Maxim  has  also  the  defect 
of  working  by  the  dL>ipIacement  uf  rubbing  brushes,  which 
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Fm.  90^— Dlanfrain  of  EdiMii  •uoot-inalm. 


places  the  machine  always  under  bad  conditions  of  working. 
They  have  only  l)een  tri(^l  for  the  smaller  class  of  distribn- 
tions ;  it  does  not  ap^wrar  that  they  can,  on  account  of  their 
slowness  of  action,  suffice  for  a  really  complicated  and  very 
variable  distribution. 

They  are,  however,  useful  apparatus,  and  give  a  certain 
guarantee  of  security  and  good  working  for  those  apparatus 
to  which  they  have  been  api>lied.  It  is  ti-ue  that  incandeswnt 
lamps  are  not  very  difficult  ap)iaratus  Ut  emjthiy  in  division  ; 
they  can  support  considerable  variations  in  intensity  of  cur- 
rent, so  that  the  i-egulation  is  leas  necessary  with  them  than 
with  large  burners,  such  as  regulators  or  candles. 
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11.  Electric  Canalization  op  Hdihox. 

The  Exhibition  hasshuwn  us  examples  of  notable  division. 
Tlie  hwt  plaut  of  Mr.  EdiHun  supported  jibout  aix  hundred 
lamps,  all  placed  un 
his  lar^  machine.  It 
is  newisaary  to  i-e- 
peut  that  this  syHteni 
was  put  in  order  once 
for  all,  and  needed 
no  regulating  while 
working.  His  lamjis 
were  plai!ed  in  groups 
of  two  in  derivation, 
on  a  general  ciiriiit. 

Mr.  Kdison  has  al- 
so arranged  elsewhere 
much  more  extensive 
diMtrilititionsof  light, 
all  of  whose  accessory 


« 


arrangements  he  has 
studied  out  with  re- 
markablecare.  At  the 
Paris  Exhibit itin  of 
Electricity,  plans  in 
great  detail  were  ex- 
hibited of  the  electric 
canalization  which  at 
this  time  fI882]  is  be- 
ing completed  in  the 
First  Bi.strict  of  New 
York,  and  which  is  to  supply  fifteen  thousand  lamps  in  sepa- 
mte  houses  and  in  public  places. 

[In  this  installation  the  street-mains  consist-  of  small 
wToupht-irim  pipes,  containing  two  half-round  copiver  mdH — 
the  outgoing  and  return  conductors — imlKxldod  in  a  resinous 
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in»u]ator.  These  main.s  are  laid  underground,  about  two  feet 
below  tUe  surfar«>,  and  are  arranged  so  that  they  form  a  net^ 
work  tbroughont  the  entire  district,  constituting,  in  fact,  a 
gigantic  sieve,  of  which  the  blocks  are  the  meshes.  In  acttial 
laying,  a  main  is  cai-ried  around  each  city  block,  and  these 
are  joined  together  at  the  comers  by  means  of  junction- boxes. 
The  arrangement  is  shown  in  Pig.  *2VQ,  where  A  represents  the 
city  blocks,  the  full  lines  encircling  them  the  conductors,  and 
B  the  jiinction-boxea.  These  conductors  are  of  successively 
Bmaller  diameter  as  they  are  removed  fix^m  the  central  sta- 


Via.  tOl.— Kdiwti  Jurwdoo-lMM,  wiitli  •af«ty-cudi.  An-  eoDDecdon  of  Mrvtov-wtrw  with 


tion.  Auxilian,*  mains,  termed  fowlers,  shown  in  the  dotted 
lines,  serve  to  increase  the  conducting  c^ixwicity  to  any  desii*ed 
extent  throughout  any  portion  of  the  system.  The  manner 
in  which  tlte  dynamos  are  connected  with  the  mains  is  shown 
at  G,  and  f  he  way  in  which  the  lamps  art?  placed  on  the  circuit 
at  L.  The  main  junction -boxes  are  fonstructed  as  shown  in 
Fig.  203.  in  wbirh  provision  is  made,  by  means  of  the  cun-ed 
metal  arms,  for  expansion  aud  contraction.  Similar,  though 
smaller,  boxes  serve  for  the  connection  of  the  seiTiceor  bouse 
c<^)nductors  wUti  the  mains.  The  cou-structioQ  of  these  is 
shown  in  Fig.  21M.J 
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■  Th   fofll- 
Brherv  tlw  «iro»  cuter  »  ho«M». 


In  these  two  boxes  there  will  be  obsen-ed  a  wire  interposed 
in  the  branch  circuit ;  it  is  a  safety-catch  of  fusible  metal,  de- 
signed to  out  ofl  the  current  if,  l>y  acciilent,  it  should  be- 
come strong  enough  to  injure  the  lainpH,  or  to  cause  in  the 
conducting  wii-ea  a  dangerous  heat- 
ing. These  boxes  also  enable  the 
ciiTuit,  in  case  of  accident,  to  be 
inteiTupted  at  the  necessary  point, 
80  as  to  isolate  parts  of  the  circuit 
that  may  be  inaccessible,  while  the 
I'einninder  is  still  supplied. 

As  for  the  interior  conduetoi-s 
for  houses,  these  are  cropi>er  wiivs, 
of  jti-oper  size,  WTap])ed  in  a  rasing 
of  cotton  rendered    ini'oinbiistible, 

and,  if  desimble,  linally  cuvei-ed  with  silk.  The  placing  of 
these  wires  does  not  differ  from  that  already  effected  every- 
where for  electiic  bells. 

In  the  path  of  these  conducting  wires  Mr.  Edison  also 
places  little  safety -])late«  (.Pig.  205). 

Thanks  \m  these  multiplied  precautions,  ;i  lire  is  not  possi- 
ble in  case  of  iiTeguhinty  in  the  stx-ength  of  the  current,  from 
heating  the  conducting  wires.  The  cut-off  would,  in  fact,  melt 
long  before  this  heating  would  be  sufficient  to  set  on  lire  the 
most  combustible  nutterials,  and  would  thus  cut  off  all  pas- 
sage of  a  dangei-ouB  current.  If  electrical  systems  of  other 
kinds  have  sometimes  ocra^sioned  slight  fires,  it  is  pi^eclsely 
because  they  have  neglected  lho,se  multiplied  precautions 
which  ai-e  one  of  the  (characteristics  of  Edison's  canalization. 

The  lamps  are,  moreover,  as  we  know,  provided  with 
safety-pieces — either  one  for  a  group  or  one  for  each  lamp — 
(Figs.  20tJ,  207).  and  there  is  also  one  in  the  socket  of  each 
lamp,  to  arrest  the  current  at  the  least  irregularity  in  i^*^  be- 
havior. TliHs,  no  provision  appears  to  Imvo  been  neglected 
to  rea.ssnre  the  most  timi<l  people. 

The  plants  set  up  in  the  Paris  Exhibition,  of  far  vaster 
proportions  than  any  pre<'eding  ones,  have  succeeded  in  prov- 
ing that-  the  division  of  electricity,  like  nil  other  divisions, 
was  n<tt  effected  without  loss,  e^siH'cially  of  light.  As  the 
buniera  be<»me  smaller,  the  quantity  of  light  (ibtaineil  by  the 
expenditure  of  a  horse-]K>wer  in  working  the  machine  became 
less.    The  following  figures  may  l>e  accepted  as  at  huiat  probn- 
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ble :  with  a  Bingle-arc  regulator  on  a.  mtichine,  an  avemge  per 
horse-power  was  obtained  of  the  value  of  1(H)  cancels,  M. 
Fontaine  estimates  thai  with  Gramme  machines  thLs  value 

may  rise  to  iia  much 
as  5«0  rarcels.  With 
dividctl-eiirrent  lamps 
— differential  lamps, 
for  instance— SO  to  8fl 
cartMjls  are  obtained  for 
the  same  expenditure 
of  work.  The  Jabloch- 
koff  <'andle.s,  and  the 
RejTi  ier- W  erdermann 
iiH^antiescent  lamps, 
give  :^0  to  50  carceL*. 
Fw.  iio«.—Lanip-hoefc«  Willi  Butiy-iwich.  Finally,  the  small  in- 

candescent lamps  with- 
out combustion — of  the  Edison,  Swan.  Maxim,  and  other  sys- 
tems— ^ve  hardly  more  than  10  to  16  carcels  per  horse-power 
expended,  varying  with  the  system  of  lamps  used. 

It  is  clear  that  at  this  point  the  division  becomes  eipen- 
dve  ;  but  it  then  furnishes  luminous  centers  analogous  to  our 
oil-lamps,  which  cost  us  much  more  than  gas,  and  can  even 
take  the  place  of  candles  that  are  still  more  expensive. 
Neither  must  we  forget  that  lighting  is  not  the  only  field 
for  the  application 
of  distributed  elec- 
tricity. It  is,  on 
the  contrary,  only 
a  particular  case  of 
a  vast  collection  of 
Berrices  to  which 
electricity  is  admi- 
rably adapted,  and 
which  make  the 
method  of  its  gener- 
al distribution  one 
of  the  most  impor- 
tant problems  im- 
aginable. 

It  is.  in  fact,  an  ex<'ellent  means  for  the  traasmission  and 
diatribation  of  motive  power  ;  it  enjoys  the  valuable  property 
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of  furnishing  eeonoraicaUy  me<:hanical  power  in  very  small 
fractions,  sumething  which  no  motor  now  known  to  iis  can 
eflfect.  From  this  point  of  view  alont\  a  general  distribution 
of  electrinity  would  bo  an  immense  a<ivantage ;  its  value  ap- 
pe-iirs  still  greatfT  if  we  consider  the  multitnde  of  different 
piirj)ow?8  t<i  w^hieh  electricity  it*  so  remlily  npplicjible,  and 
which  the  Exhibition  of  1881  showed  with  so  much  evlat. 

This  general  problem  does  not  differ  on  flie  whole  from 
the  narrower  problem  of  the  distribution  nf  the  light  alone ; 
the  conditions  to  be  fultilied  are  fhe  »anie.  All  thai,  must  be 
home  in  mind  is,  that  the  ap])anitUH  to  be  supplied  are  very 
variable,  verj-^  unequal ;  that  the  distanwR  to  be  overcome  will 
be  greater,  and  the  variution.s  in  servicer  mon;  cnnsidemble ;  so 
that  for  success  to  be  attained  all  jicce^sory  conditions  must 
be  fnliilled  with  the  greatest  rigor,  all  apjiroximate  solutions, 
acceptable  in  minor  proportions,  inevitably  failing  as  they  are 
extendetl  over  wide  arejw. 

This  and  other  i-easons.  already  \iS\en  aixtve,  show  that 
special  methods,  used  for  light,  and  wliich  we  have  just  de- 
Hi'ril>ed,  will  be  entir«?ly  iusufficient  for  a  general  distribution 
of  electricity.  Kcu-  the  rest,  it  must  be  said  that  their  invent^ 
ors  never  pretended  to  give  tliem  this  de^ttination. 

Ar  the  Electrical  Exhibition  at  Paris  only  two  distribu- 
tions striving  for  the  full  snlution  of  the  problem  wore  to  be 
seen  :  tliut  of  M,  (ynivier,  and  tliat  of  M.  Manrel  Dei)rez.  We 
shall  first  study  that  of  M.  Umvier,  which  is  far  le-i<s  complete 
than  the  other. 

m.  M.  Gravier's  System  ok  Elix-tkical  uistribution. 

We  have  said,  it  will  be  pemembered,  that  the  problem  of 
distribution  would  disappear  if  the  generator  liad  no  resist- 
ance. M.  Gravier  at  once  aims  at  this  state  of  affidrs  in  re- 
ducing the  resistance  of  the  generator.  For  this  end  he  takes 
several  machines  and  couples  the  armatures  in  quantity, 
wlUch  diminishes  the  resistance  of  thec»mbine<l  airangement; 
he  connects  the  field  magnets  in  series,  and  produces  their  ex- 
citation either  by  a  derived  circuit  or  by  a  special  machine. 
He  uses  an  outgoing  conductor  that,  according  to  him,  acts  us 
a  reservoir.  It  is  hard  to  understand  what  he  means  by  this, 
HB  a  conductor  is  not.  and  can  not  be,  a  resen-oir.  AJl  that 
appears  is  that  he  makes  it  very  large,  which  amounts  to  di- 
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mioisliing  its  resistance.  Afterward  he  divides  it.  intn  n  ner- 
tain  number  of  circints  going  to  the  separate  pieces  of  Bpi>a- 
raCns. 

The  distrlbntion  of  which  we  give  here  the  plan  (Fig.  308) 
is  not  that  of  the  Paris  Kxhibition ;  it  is  a  plant  of  the  same 
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kind  established  iu  /uwiereiu,  in  Poland ;  it.  gives  an  exact 
idea  of  the  method. 

It  is  perfeetly  nlear  thsit  tliia  syHlem  dot^s  not  solve  the 
problem  of  i]islriliittii»n  ;  it  does  not  even  attack  it.  It  is  con- 
tent, a  restricted  installation  being  given,  t«  indicate  the  con- 
ditiona  most  favorable  to  a  good  ivsult.  and  that  by  the  appli- 
cation of  a  well-known  phyfucul  principle;  there  is  nothing 
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in  it  constituting  a  special  method.  It  is  easy  to  see  its  de> 
fects.  First,  it  does  not  satisfy  any  of  the  three  conditions 
Bi>»cffitid  above.  Finally,  it  nx|uires  the  use  of  a  very  con- 
sidnrable  amount  of  matprial,  for.  to  dimini.sh  the  resistance, 
numerous  machines  must  be  empluycd  instead  nf  a  single 
powiTful  jrenenitor.  At  Zawiert-ip,  M,  (iiuvier  lins  four  ma- 
chines for  eight  lamps  ;  at  tlie  I'ixhiliition  he  had  six  of  them 
for  six  ciiTuits:  snrh  itoing  the  conditions,  hn  might  a.s  well 
not  have  divided  his  eurftrnt  at  nil.  Finally,  it  wotihl  In;  im- 
jiossibh;  with  this  system  to  obtain  any  extentled  rapncity  or 
range;  the  tninsmiasion  of  eleelricity  rjin  only  be  aecom- 
plished  by  giving  the  current  a  quite  high  tension,  nnd  (his  is 
1  insepaiiible  fi*om  a  certain  rpsistiinee  in  the  gcni'nitors. 

M.  (travier  has  invimte<i  a  very  ingenious  regulat()r  (Fig. 
209)  which  he  calls  either  emissiim  regulator  or  consummation 
regulator  {rer/ulateur  d^em  ins  ions,  retjnlateur  de  conso/mna- 
tioti)^  and  whicli  serves  to  intnxluce  suitable  resistances  into 
tlie  circuits  <ir  to  withdraw  them.  We  have  stien  how  costly 
this  mefhi»d  of  regulating  was. 

Firuilly,  to  (Tonijih'te  his  system  of  regulalion,  M.  (Jmvicr 
has  proposed  to  a<ljust  li)  the  tamjis  a  small  iii(i)ardTus  whi<;h 
he  calls  a  rheometric  regulator,  and  whii'^h  is  shown  in  Fig, 
210.  It  has  for  its  objefit  the  re'nderiug.  by  the  intervention 
of  the  deriv(;d  current,  the  regulation  of  tliu  machine  more 
rapid,  jin  intervention  which  is  not  ordinarily  produced  except 
when  this  derivation  acquires  a  power  sensibly  greater  than 
tliat  which  balances  tlie  magnetic  action. 

Tliis  it'gulator  is  c^impo.scMl  at  a  two-armed  electro- magnet 
(Fig.  210)  placed  in  derivation,  but  who.se  circuit  Is  opened 
or  closed  instantaneously  by  tiie  needle  of  a  tine  wire  galva- 
nometer of  M.  Marce!  Dcprez,  a  galvanometer  whi<Ji  is  itself 
pla«!d  on  another  shunt  fn)m  the  pHncijial  eh-cuit.  The 
action  of  the  electro-magnet  on  the  releasing  annature,  shown 
opposite  the  left-liand  arm,  is  thus  more  complete  and  more 
prompt ;  the  movement  of  the  galvanometer-needle  which  de- 
termines the  ojiening  and  closing  of  the  circuity  and  conse- 
quently the  motion  or  stoppage  of  the  mechanism,  is  effected 
by  a  variation  in  distance  scarcely  exceeding  a  tenth  of  a  mil- 
limetre :  the  regtilation  thus  becomes  much  more  exact  and 
more  rapid.  This  arrangement  was  applied  to  the  lam])s 
which  M.  Gravier  had  working  at  the  Electrical  Exliibirion  at 
Paris, 
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tf  hy  TlbniinfT  ftmuiture  of  the  cUctr^nuj^t  A.  B.  It  carriot  on  eaob  ride  icprini^  r,  c, 
■mwigvd  CO  dime  in  cantttol  iritli  oUier  *prini{>,  f,  /,  imil  lo  dnlcnuino  tbe  piuaug*  <tt  » 
locnl  current,  cither  tn  one  ur  tbu  oUier  (Undikin,  tliiauttb  the-  bobbiiu  U  ■.  TIk  cpiingB 
Mv  Insnloud  ■>  <,  i,  i. 

P,  C'luntorpotM  Mrring  to  oppou  tlie  KtloD  of  lh«  olectiw-magrnot  od  Itt  ajtualun. 

D  t,  rotaTint,'  nrmalurc  (Sicmiiw  tx  other  f.  tuniiiiif  tr^aa  kll  m  ri^tht,  or  frotn  t%ht  to  left, 
tux-onliriK  to  tbu  tlinwlioD  of  tlie  local  uurmii  trnvorFinp  tlic  tDAinieC. 

/,/,  positivQ  and  Bi^llre  bnwbe*  I'ur  entnaoe  ftnd  dcj-tarturo  of  tho  ImoI  eumnt  Id  tho 
bobbUi,  B  f; 

Thi>  TaiiallonH  of  tho  return  cmTDDt  cDiue  tlie  enericy  of  tlic  olcctro-iaivnot,  A,  B,  to 
incn«M  or  dimitiiHl),  anrl  MnMtf^ui^titlir  th*  oiraatura  will  touch  ih«  (MmCMt-|it««»,  9»iiig- 
tiinv*  U  c,  tvniettnu*  al  c',  tbu>  dutcnaining  the  puM^rc  of  the  local  otuTent  iti  the  bob- 
bin. Aa  luu^  0*  tlie  return  cuircnt  gtrciKn-vs  the  nurniDl  nUtc  for  whicb  tbt  Tv^mlBting 
inc«b«nlHn  lias  been  acljusiAd,  the  annatitTv  rvmainii  in  e^tdllbrium,  and  the  bobbin  li  * 
ninains  notloaleM;  but  If  the  ivlum  ourr«nt  cIuldjim  In  inttn^lty,  ihe  »lrcii|rth  of  il:a 
el<cliO<BUifOeC,  A,  R,  will  b*  incrcAMMl  at-  dimini'liod ;  tlin  armature  vjll  vidiL  villiur  to 
the  pnpooderai!iiir  actiuu  of  \iii  vcieht  P,  or  lo  tUc  nicniftiQn  of  tlio  dectro-inapici :  it 
wU)  doiB  OEu)  of  Llie  ciintacta  r  ur  f*,  and  will  dctenninc  llic  piusa^  of  the  local  current 
IntotliomovAblonrmacure,  whi«h  bcfflu  to  turn  In  one  or  the  other  dlrccHoa;  U  b>  tliU 
ntanloD  nhirh  M.  Umviar  utillx«*  An-  making  hli  clactro-iuotlvo  f'lrco  vsr^,  clibcr  b; 
modifj'Uig  titc  npi-cd  of  tlic  motor  or  by  i&troduoing  reciatonou  in  tho  excitation  (irodt. 
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Fm.  210.— Rheomrtric  rv-yulalor  of  M.  Oravier. 


The  nppamf  IIS  of  M.  Gravior  Imvo  not  yet  boen  plnrcd  in 
pnirtical  wtirklng,  and  in  qut'stions  of  this  sort,  fi'<im  our 
present  point  of  view,  those  syst^^ms  are,  abovy  all,  worthy 
of  ramfidenro  which  have  received  the  deeisive  test  of  experi- 
en<'e.  This  guarantee  is  not  wanting  to  tlie  last  solution  wliicli 
we  have  to  examine)  the  important  discovery  of  M.  Mar(«l 
Dejniez. 
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lY.  System  of  Electbical  Distkibution  of  M.  Mabckl 

Deprez. 

By  a  special  study  of  the  working  of  machines.  M,  Df  jirez 
fonnd  that  the  regulation  necessar}'  for  distribution  could  l»e 
obtained  from  the  inaohines  themi^elrejt,  using  only  their  i*\vn 
proper  actiou  suitably  combined,  and  without  the  intenenliuu 
of  mechaiii«^ul  orgaus. 

To  underMtaiid  the  isystem,  it  must  ih'sl  Ik*  reraembered 
that  tlie  work  produced  by  a  steam-engine  d(»es  not  dei>en*l 
upon  it8  speed,  but  on  the  quantity  of  steam  which  it  ex]>en(is 
and  on  the  juvsaui-e.  In  large  factories,  whyre  a  central  irngine 
drives  numlx-ra  of  machines,  its  rate  of  speed  does  not  clwiuge, 
whatever  be  the  number  of  machines  thai  ai-e  working;  but  it 
only  admits  each  moment  the  quantity  of  steam  that  is  neces- 
sary for  it,  thus  regulating  its  work  by  the  demand.  It  isi 
the  annm  with  a  gas-engine^  which  only  admits  gas  in  proiwr-] 
lion  to  it.s  ni^nls,  always  prt^serving  the  same  speed. 

In  Iik<?  manner,  dynnmo-plectric  machines  can  expend 
more  or  less  jxiwer  without  change  of  s]>eed  ;  it  di'i>ends  on 
the  magnetization  of  their  Held  magnets— a  mugnetizution 
which  detei-mines  the  eflfort  necessary  to  put  tliem  in  nuitiim  ; 
it  is  enough,  in  fart,  to  modify  this  raagiieti?aitiun.  to  muse  toi 
vary  at  the  same  time  the  work  produced  and  work  expendedj 
by  a  machine. 

M.  Marrel  Deprez  determines  once  for  all  the  speed  of  his 
electric  m:Lcliino  and  of  his  engine :  he  varies  the  work  by 
varying  the  nuignetizarion. 

When  the  ap[ianitus  to  be  supplieti  is  filnciHl  in  dcriva- 
tiim,  a  single  conditiim  sullires  to  insun?  their  independence  ; 
it  is  neeessary  that  the  electrical  state  at  the  tw<>  ends  of  the 
machine  be  always  the  same,  whatever  the  exteriiir  clrr-uit. 
It  is  evident  then,  that  if  Ihe  mticliine  be  rcguhited  so  as  to 
fulfill  this  contlirion,  I'ach  cirenit  will  lie  practically  separatcv 
and  consfMpiently  have  perfect  indei>endence. 

L'uder  the  oniinary  conditions  t»f  <lynamo-electria  ma- 
chines, the  electric  state  of  the  tenninals  of  (he  nmchine,  what 
is  ralbnl  the  diffettiiicH  of  iHitentiiil  of  these  points,  is  deter- 
mined, for  a  given  siK-ed,  by  (he  excitation  of  the  tield;  this 
is  prmluced  by  the  current  of  the  machine  it^F,  and  conse- 
queully  varies  with  the  conditions  of  the  eii-ciiit.  The  differ- 
ence of  potential  varies  at  the  same  time.     To  keep  constant 
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this  difference  of  potentinl,  M.  Marcel  Deprez  obteins  the  ex- 
citation of  the  ficiti  from  two  distinct  currents,  whose  effects 
are  added  to  each  other ;  one  of  them  is  a  constant  current 
furnished  by  an  independent  soiu-ce  of  electricity,  either  a 
iMittery  or  a  second  machine.  The  other  is  the  curmnt  pro- 
duced hy  the  machine  itself,  and  utilized  in  the  exterior  cir- 
cuit. Tliese  two  ciin-ents  traverse  two  distinct  sets  of  coils, 
formed  of  wires  wound  side  by  side,  so  that  adjacent  wires  are 
sensibtj'  at  the  same  distance  from  the  mapneti7/Kl  core.  The 
speed  of  the  machine  is  regulated  to  a  lixed  valne  resulting 
from  its  construction. 

With  this  consfmction.  there  mil  always  be  two  electro- 
motive forces  in  the  machine;  one  invariable,  pro<luced  by 
the  spe<nal  exciting  current,  and  which  corresponcbi  to  the  in- 
terior resistiince,  also  invariable,  of  the  machine ;  the  other, 

whicli  is  pnwluced  by  the 
working  current,  and  which 
inci-eases  or  diminishes  in  in- 
verse ratir>  to  the  resistance 
of  the  extei-ior  circuit.  It 
follows  that,  withont  chang- 
ing the  speed  of  the  machine, 
the  difference  of  potential 
produced  by  the  exterior  ex- 
citiition  is  kept  i)ermanent 
and  iuvamble.  Tlie  muchine 
regulates  itself,  without  any 
other  intervention,  and  fur- 
nishes e^rh  instant  the  total 
quantity  of  electiicity  neces- 
sary to  the  working  of  the 
different  apparatus. 

It  is  evident  that  on  lon^ 
oirciiita  and  with  nuinerouH 
derivations  the  difference  of 
potential  ^^ill  not  remain  the 
same  over  the  entire  length, 
of  the  condiiclors ;  this  is 
what  happens  in  all  cases  of 
distribution^  with  ivater,  pas,  etc.  But  this  presents  no  diffl- 
cnlty ;  it  is  enough  to  calculate  the  loss  of  the  charge  so  as 
to  know  what  pressure  is  to  be  used  at  each  i>oint  of  the  car- 
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cuir ;  tliis  can  bo  done  equally  and  with  great  precision  for 
elei^tricity. 

It  is  to  be  rpmaikwl  that  fhis  mfjtlxod,  based  on  dgoroiis 
mntliomatical  thetirems,  gives  us  tlie  solutiim  of  the  question 
of  distribution  in  the  two 
.sysloms — that  is  to  wiy,  in 
placing  the  ajiparatiis either 
in  series  or  in  dmvation. 
In  praotira!  working  it  is 
clear  that  the  ronneetiona 
of  tho  marhinRS  should  be 
mndined  iicrni-ding  ia  tlie 
Bystem  adojiled,  and,  for 
distribution  in  series,  the 
exriting  of  the  mapnets 
shijulil  Ik)  prcjduccd  by  n 
derived  current  from  tlio 
Tnnin  chvuit.  Rut  a  aim- 
jde  switt'h  will  suffice  for 
this  cTiange,  and  thi^  same 
machine  enn  serve  altt'ma- 
tively,  without  change  of 
B]ief'd,  for  circuits  armnged 
according  to  both  systems. 
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Uarccl  Di.'i>rce  niudiiig  for  cvotkiut 

CUTL-IIIlt. 


[Tlic  rnciliodsAt  win<lin){  lulopt- 
u(l  t>v  M.  Murcel  Depreziti  t)ii'^<  two 
difltircnt  case*  ftrc  tihown  very  clear- 

Ij  ill  Fip).  SIS.  213.  Wben  tho  iipparntus  ta  ho  Dporatei!  are  in  multiple  nrv — sa 
I*  A]n'Jiy«  tlie  oa8«  with  incnni]«a«ent  lumps — tlie  djriintDo  \«  rrqnin-d  to  ^'ive  £ 
ciim'tit  vnrjring  in  i'(im|>Ii)iiic't)  with  varjiii}(  iIi-iiuiikU  ut  tli<*  rirciiit,  Imt  nUray^ 
<■(  th?  HiiDe  cicci ro-ruutivv  furi-'O,  TIi«  niodioK  to  Bcconiplisli  this  U  sbown  in 
Fijt,  aii.  Tho  coil:*  tpfiv«rnL-d  bjr  tho  cnnstAiit  tiiirrL-nt  from  an  I'xtcrna]  gi-ncrator 
ar*  xlionrn  by  the  dottpil  lines,  nnd  tbow  irnverBi'fl  by  ilio  main  mrretit  produrci) 
by  tbe  macbine  by  tlie  fnll  lines.  Tine  tiold  maj^nets,  it  will  btf  t«en,  ar«  [dnced 
iu  \\k  muiii  circuit — tliiit  li«,  iliu  wiudiitc  is  tliat  known  as  llio  "Kfrittti  dyuanio." 
Tn  adapt  this  mode  of  re{n>lACinn  to  nppnratns  armnged  in  si^rio^  it  \»  neM'efuiry  to 
lilaco  the  t!etd  tn  shont,  na  shown  in  Fit;.  319,  Tlial  tboAC  mclliotls  of  winding 
dynHmon  should  ticonmpli*'])  lh*-ir  piir|in*(t— tlio  prew-rvation  of  .■»  ciiiint/iiit  doc- 
tro-inoli\'e  force  in  one  fii»e  and  of  n  eoiiHtant  current  in  the  oIIht — (be  xnag- 
netlzaiiou  of  tho  field  magUL'U  uiaat  Vu  far  from  the  point  of  suturatii>D.  aud  tlio 
machine  must  bo  drlvon  nt  a  ocrtain  velocity,  to  bo  dvtormlncd  in  each  ciisc.] 

As  will  be  easily  understoodt  this  solution,  reposing  on  the 
play  of  electiic  forces,  and  nut  on  a  material  organ,  is  abso- 
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lately  general.  It  poiresponda  in  the  moat  eomplete  way  to 
the  ppquisitc  mnilitifins;  it  admits  nil  tenKions,  and  nothing 
liraiti  its  applicnliility ;  finally,  it  has  \teen  confimiwl  hy  u 
di-'*-wiv«*  f  xnerimimt  that  Inst^nl  during  the  whole  duraticm  of 
(he  F.-Lfis  Kxhibition  of  1881. 

Tlie  elertrir  generator  (Kig.  2\A)  wna  cotnponed  of  ii  (Jnimme 
ninrhinf.  taking  u  iKut  of  its  exriting  rurrent,  acconling  to 
ihe  method  alrejidy  desrrilic<l,  (mm  the  oonstjint  current  of 
another  small  machine.  The  Hpii-ds  H-cre,  two  thonsand  revo- 
lutlonii  fur  the  genetutor,  eight  hundred  for  the  exciter,  and 
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fine  hundred  and  sixty  for  iIir  gas  engine.  From  tlie  jKiles 
of  the  generator  two  cubliKS  issued,  forming  rho  princiiial  cir- 
cuit;  at  idl  us4>rul  ]Hiints  there  was  lak<'n  from  tliese  cables, 
by  mfsiim  of  two  wixvs.  a  derivcil  curnnit,  w  Inch  wjls  conducted. 
(o  any  given  receptor,  electric  motor,  lamp,  electroplating 
trough,  etc. 

Of  the  two  armngements  of  the  working  appanitus,  in 
series  or  in  derivfition,  this  last  is  the  most  practiutl.  and 
should  he  preferred  in  the  great  majority  of  cases.  All  the 
aystems  we  ore  describing  have  adopted  it.     It  requires  a 
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less  extensive  regulation,  and  leaves  the  individual  apparatus 
more  independent  of  each  other;  it  is  more  peliuble  tluin  the 
Hmmgement  in  scries,  with  whirh  ii  fault  in  a  sin^U'  jxiint, 
whenner  it  is.  inllucnces  seriously  all  the  rest  of  rln!  sysfeiu. 

We  neoc!  not  add  that  the  tlistribution  of  M.  Marcel  Deprta 
reipiires  no  special  eonstnH'tltiu  of  tlie  enridurtors;  It  :«'comnuK 
dates  itself  to  all  inethocls,  and  adudls  of  the  eniploymeut  of 
all  useful  arran^nienta  that  jmirtical  experience  may  dirtate. 
F<jIlowinj;  the  course  of  loj^ic,  M.  Miinrel  Depiiez  seeiua  in  have 
desired  To  estalOish  his  solution  on  solid  bases,  jjefore  devot- 
ing himself  to  iweessory  points. 

The  eireuit  went  all  around  the  Exhihition  building;  (lie 
entire  nuTuljer  of  aiiimratus  which  it  kept  in  actltui  varied  from 
twenty  to  twenty-seven ;  these  apimratus,  on  the  other  hand, 
worked  with  complete  i[ide[)endetice:  they  were  far  a]>art, 
and  the  workmen  in  charge  of  their  operation  worked  witliout 
regard  to  what  was  going  on  in  other  parts  of  the  systetn.  In 
the  circuit  there  were  placet!  machines  for  making  metallic 
braid,  sewing-mjiohines,  *iws,  metal  working-la  they,  voltaic- 
arc  lamps,  incandescent  lamps;  in  private  exhibitions,  venti* 
Uitors.  electrojdarinp  tiMiighs,  the  ^"^ m-ctorjrophe  repetUeiir" 
of  M.  Carpentier.  Finally,  at  the  end  there  was  ])hiced  a  Ma- 
riniiri  printing-press,  on  which  were  printed  the  numbers  of 
the  journal  '■'\m  Lumidre  Rlectrique,'' and  various  clrcidars. 
For  the  smaller  class  of  apparatus  the  motor  employed  was 
the  small  magneto-el ectiic  motor  of  Mai-cel  Deprez ;  for  the 
printing-press  it  was  a  small  Siemens  maz-hine.  All  this  col- 
lection moved  with  perfect  regularity  and  an  absolute  inde- 
pendence. Ah  all  can  testify,  the  gas-engine  driving  the  elec- 
tric genemtor  showed,  by  the  variation  in  its  consumption  of 
ga.s,  that  tlie  work  expended  was  in  exact  proportion  to  the 
work  utilized  thmiighont  the  extent  of  the  circuit.  Tlie  ex- 
periment thus  combined  all  necesKiry  conditions,  and  should 
be  considered  absolutely  conclusive.  Furthermore,  the  con- 
siderations npon  which  M.  Marcel  Deprez  bases  his  system 
are  so  clear  and  rifforous  that  its  first  success  never  seemed 
donbtfiil.  It  will  I>e  the  siinte  with  expeiiments  on  the  large 
scale,  which  \v\\\  soon  be  tried,  and  which  will  complete  the 
practicnl  demonstratinn  of  the  system. 

From  now  on,  this  elegant  solution  of  a  problem  as  difficnlt 
as  important  can  be  considered  as  achieved.  It  is  complete 
in  other  ways,  because,  independently  of  hia  studies  on  dis- 
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tribution,  M.  De]>rez  has  completed  exiwriments  on  the  tmns- 
missiou  of  power  by  electrieily^  wliich  Imve  ekuiidated  thifi 
qiiealion,  still  somewhat  oiwciu-e,  and  have  shown  its  tnie  con- 
clitious.  It  will  not  be  impossilile,  Ihea,  soon  to  try  the  utili- 
zjttiou  of  natuiul  forces  hkliei-tu  lost,  Hiich  as  waterfalls  tluit 
are  inaccessible  or  too  remote  from  working  centei-s.  Then 
the  extreme  division  of  light,  so  costly  tinder  other  ccnilitionsi, 
will  become  economically  possible,  the  power  employed  Ijeing 
of  low  cost.  But  this  would  only  be  an  insigniticant  part  of 
the  advanta^t^es  thnt  would  be  ohtained,  sind  every  one  i-nn  see 
the  measure  of  consequences  indic!ite<l.  by  the  expre-ssinn 
''electricity  in  the  home":  it  b  at  once  light,  power,  rlifimical 
work,  plattKl  within  the  reach  of  every  one,  in  as  small  frac- 
tions as  can  be  wished  for,  with  no  trouble  beyond  taming 

a  key.  From  this  time  the 
fact  can  be  considered  ac- 
ccimiilishtfil,  and  we  can 
await  with  aiufidence  the 
vast  and  impending  devel- 
opment. 

[A  method  of  making 
a  dynamo  self -if-'gulatin^, 
anal(>£;ouH  to  that  of  M. 
Dejirez,  haa  been  devised 
by  Professor  .Tolui  Perry. 
As  the  pm'jiose  of  the  cur- 
i-ent  from  an  external  soorce 
in  the  Deprez  ai-Ringement 
is  simply  to  ninintain  an  in- 
itial and  independent  mag- 
netic field,  any  other  means 
that  will  accomplish  this 
can  be  employed.  In  Pro- 
fessor Perry's  macliine  for 
maintaining  a  constant  elec- 
tro-motive force,  shown  in 
Fi>r.  21  ff,  n  seiMirate  mag- 
neto mncliino  is  inc!n<l(?d 
in  the  circuit  or  a  series  dynamo,  and  is  driven  at  such  a  spee<l 
as  will  maintain  the  desired  electro-motive  force  between  the 
terminals  of  the  dynamo.  In  tlu'  machine  for  constant  cur- 
rent, the  magneto  is  placed  in  the  shunt  circuit  {Vig.  216)]. 


FiQ.  SIS.— IVofiwwor  Peng's  macliliw  for  oon- 
atoitl  tlocircMnotiv*  fbtve. 
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V.  Edison's  METnoi>  of  REonLAXioN. 

[The  Dpprez  method  of  rff^ilatitm  for  nmchines  wiih  ron- 
stant  electro-molive  force  waa  devised  by  Mr.  Edison  same 
time  iirevimis  to  any  pubHo  exhibition  by  M.  Di']irez,  and  waa 
patented    in   this  cimntiy 
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in  SoptemlxT,  18S2.  The 
illustration  (Ki^.  217)  is  :i 
re pnid notion  of  the  dn»w- 
in^  fnjm  iliis  putent.  The 
circuits,  4,  wning to  main- 
tain :in  initiiil  map;netimn 
in  the  lleUl,  is  liere  shown 
as  a  shunt  to  the  main  eir- 
ciilt,  but  Mr.  Edison  slates 
in  hiaapeeilicatioii  thai  the 
ciiiTent  thnmgh  ir  may  he 
supplied  from  an  external 
Bonrce.  When  this  cii-ciiit 
is  a  shtmt,  it  is  made  of 
high  resistance,  so  that  tlie 
amonnt  of  current  flowing 
throngh  it  will  not  vary 
mnch  within  the  limits  of 
probable  variation  of  resist- 
ance in  the  main  circuit. 
As  pi-evioualy  stated,  in 
or<ler  that  tlus  method  of 
regulation  should  work  sat- 
isfactorily, the  dynamo  must  be  driven  at  a  constant  velocity. 
The  maiutiiining  of  a  cf>nstant  velocity  is,  however,  much 
more  difficult  than  wonld  be  imagine^l.  Mr.  E<lison  was,  in 
fact,  t'omiielled  to  abandon  this  conslruction  on  this  account, 
as  he  found  that  the  variation  in  the  s|)eed  of  his  driving- 
engine  prodncwi  greater  vnriations  in  his  ciix-uit  than  that 
due  to  the  turning  on  and  off  of  the  lami>s  under  normal  con- 
ditions of  lighting. 

He  has  therefore  adopted  a  mode  of  regolatinn  which  will 
enable  the  Tariation  fi-om  both  of  these  causes  to  l>e  met. 
The  method  cx>nsist8  in  inteqwsing  in  the  shnnt  ciixrult,  In 
which  the  field  magnets  are  placed,  an  adjustable  resistance. 
When  the  number  of  lamps  in  circuit  is  increased,  resistance 


r»,  fW.— ProfcMcr  i'crr;'*  iuikIuimi  ftr  cod- 
■tsol  cumut. 
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is  throft-B  out  of  the  tleld  circuit,  and,  when  they  are  dimin- 
ished, it  is  introduced.  Similarly,  wlien  the  speed  increases, 
resistance  is  tliniwn  into  tfie  Held  circuit,  and  taken  out  when 
thiw  diminishcM.  The  electro-mcilive  force  (»f  tlie  current  van 
thus  \w  kept  practically  constant,  whatever  tite  chancres  in  the 
working  circuit.  At  central  stations  the  shifting  of  these  re* 
8i.stances  is  done  by  hand,  hut  theii-  manipulation  is  effected 
automatically  in  sepai-ate  plants  of  uiodemte  size,  such  as 
those  designed  for  lighting  workshojts,  large  buildings,  etc. 
The  difficulties  in  the  way  of  an  automatic  i-egulation  of  very 
large  planls,  such  as  those  operated  fix>m  a  central  stntinn.  are 
c<nis idem  1)1  e,  and  Mr.  Edison  has  always  prefeiTod  to  have  a 
mode  of  regulation  as  fi'ee  as  possible  from  nii»haps.  The 
Deprez  method  of  regulation  he  only  intended  to  use  with 
isolated  plants. 

The  i-egulation,  as  carried  out  at  the  central  station  of  the 
first  district  in  New  York  city,  consists  in  varying  thi*  field 
resistance  in  accordance  with  the  indications  of  a  gnlva- 
nomoter  placed  in  a  Whcatstono  bridge.  An  incandescent 
lamp  is  plared  on  one  side  of  the  bridge,  and  the  variable 
resistance  of  the  bridge  adjusted  so  that  the  galvanonietiT- 
needle  stands  at  zero  when  the  lamp  is  giving  its  normal  light. 
As  the  resistance  of  the  incandescent  carbon  filament  varies 
with  its  temperature,  any  change  in  the  current  flowing 
thmugh  the  lani])  will  imniecliately  destroy  the  balnnce  of  the 
bridge  and  cause  the  needle  to  move  in  ont^  dirertion  or  the 
other,  acconling  as  the  lamp  rises  or  falls  in  <^an(llc-])ower. 
Resistance  is  then  introduced  into  or  thrown  out  of  the  field 
ciiTuit  until  the  needle  returns  lo  its  nnmud  ]>o.sition.  Tiiese 
re-siMtances,  wluch  consist  of  coils  of  Goi-raan  silver  wire,  can 
be  rciidily  manii)ulated  by  the  attendant  by  mejins  of  a  switch. 
It  might,  be  supposed  that  this  duty  would  n'ipiire  constant 
wat4'hfulnei«  on  the  ])art  of  the  attendant,  but  this  is  far 
from  being  the  ease.  In  any  extensive  distribution  the  vari- 
ation in  the  demand  for  light  is  a  cjilculable  one,  and,  the 
greater  the  number  of  cnnsuuiers,  the  more  easily  the  amount 
and  time  of  these  variations  can  be  foreseen.  When  the  sta- 
tion wa.s  tirst  stnrteil  there  was  little  or  no  regularity  in  these 
variations,  a.s  consnmei-s  were  constantly  turning  lights  on 
and  oiT  to  show  friends  how  easily  it  could  be  done.  With 
the  attainment  of  normal  conditions,  however,  these  variations 
have  a.ssunied  such  a  regularity  iJmt  Mr.  Edison  asserts  that 
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it  is  possible  to  ran  the  dynamus  Irum  a  chart,  to  which  the 
amounts  of  the  resistances  t<>  be  mtrotlufed  into  or  withdrawn 
from  (he  Held  circiut  are  indicated  by  the  lengths  of  the  oitli- 

nates  of  a  curve,  the  time 
beinjj  denoted  on  the  hori- 
zontal line. 

The  antomatic  appara- 
tus and  its  relation  to  tho 
machine  ore  shown  in  din- 
(rram  in  Ki^.  918,  and  ita 
i'Xternnl  appi^aranccin  Kit?. 
SlD.  The  pesistanoc  coils 
h,  ?i.  which  are  included 
in  tlie  tield  circuit  7,  8, 
ai-e  connected  with  metal- 
lic plates  I,  separated  from 
each  other  hy  mica.  The 
upper  edges  of  these  plates 
form  the  arc  of  a  circle, 
along  which  sweeps  the 
elastic  contact  K\  connected 
w  it  h  the  arm  D.  The  move- 
ment of  k  is  produced  by 
the  rooking -lever  E,  the 
armatures  I  and  V  of  which 
are  attracted  l>y  the  elec- 
tro-magnets C  and  C, 
Dash-pots  F  and  F'  son-e 
to  steady  the  motion  of  the  lever.  The  magnets  €  and  C 
are  placed  in  the  shunt  circuit  3,  0,  which  ia  closed  through 
one  or  the  other  of  them  according  as  the  armature  c  makes 
contact  with  /  or  /'.  This  latter  armatui-e  is  oi>erated  by 
the  i'lectro-magnet  B,  placed  in  anntliiT  shunt  ciiruit  8,  4. 
This  magnet  is  thus  connected  wiih  the  main  conductors  in 
the  sinie  w:iy  as  the  lamps  //,  and  will  be  affected  in  the  same 
manner  by  variations  in  the  Hne-ciuTent.  When  lamps  are 
added,  less  cum-nt  will  flow  momentarily  through  \\  which 
will  become  weakened  so  as  to  allnw  its  arraaturc,  c,  to  be 
drawn  back  by  tlie  spring  r,  and  make  ctintact  witliy.  The 
magnet  C  will  therefore  draw  down  its  armature  /',  and  move 
k  ahmg  the  plates  ai  the  resistance  coils,  cutting  ii-sifilance 
out  of  the  lield  circuit.     When  lami>s  are  removed,  the  mag- 


Fto.  818. — IHa^mn  of  tho  EdUon  automnllD  k^- 
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net  C  will  be  energized  and  resistance  thrciw-n  into  the  field 
circuit.  A  deci-ease  of  tho  Hijml  of  ititatiiin  of  Ibe  jirnniturn 
■will  operate  the  same  as  an  u(lditian,aji<i  an  iuci-ease  of  sitvud 
the  same  as  a  diminutinn  of  liimp».  To  ])reve»t  the  burning 
ont  of  the  contact-points  /  and  ,r,  tlio  nm^cts  C  and  C  mv 
provided  with  shunt-circuits,  9,  for  the  currents  due  to  the 
discharge  of  these  magnets.] 


VI.  Weston's  Metiuio  op  REotTLATiox.— Brush  Regc- 

I.ATOR. 

[Mr.  Weston  has  sought  to  construct  a  machine  of  constant 
electro-motive  force  for  incandescent  lighting,  by  establi-Hhing 
a  certain  definite  relation  between  the  field  of  force  and  the 
rotating  armature.  The  nature  of  this  improvement  is  given 
by  Mr.  Weston,  in  his  American  patent,  as  follows ; 

"Xfy  imi>rovemcnts  consist  in  so  orpjmizing  the  machine 
used  for  supplying  current  in  tlie  raultiple-aic  system  of  dis- 
tribution that,  by  a  law  of  operation  of  the  machine,  the  elec- 
tro-motive force  is  maintained  pi-actically  nniform,  whatever 
may  be  the  quantity  of  current  generated  within  tlie  pi'actical 
working  limits  of  the  inuchine.  To  accomplish  this  j^esalt  I 
have  found  it  necessary  to  so  construct  the  machine  that  the 
inductive  influence  of  the  field  magnets  in  determining  the 
polarity  of  the  armature-core  shall  so  far  prejwndei-ate  over 
that  of  the  induced  currents  circulating  in  and  aroujid  the 
aiTnature  itself,  that  the  effect  of  the  latter  is  neutralized,  at 
least  to  such  an  extent  that  the  polar  line  of  the  armature 
and  that  of  the  field  shall  at  all  times  during  the  normal 
operation  of  the  machine  practically  coincide.  ...  I  also 
wbid  the  armature  in  such  manner  that  the  requisite  electro- 
motive force  is  obtained  with  comparatively  few  convolutions 
of  conductors  of  large  cro-ss-section.  It  is  imiMirtant  to  uso 
the  smallest  pos.sibIe  number  of  convolutions  of  conductor  on 
the  armature,  in  ordt.T  to  i-edixre  in  a  minimum  the  magnetiz- 
ing influence  oX  the  armature  coils  ujton  the  core,  and  the  n;- 
sistance  of  the  armature  conductors  is  made  Jis  low  as  possible 
in  order  that  .the  ratio  of  the  external  and  internal  resistances 
may  not  l)e  greatly  disturbed  by  variations  in  the  external 
oirouit.  The  purpose  of  this  will  be  understood  by  a  con- 
sideration of  the  magnetic  comlition  of  the  arnudure-core  of 
a  machine  having  an  ordinai-y  cj'liiidrical  or  annular  ai'ma- 
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and  circulating^  in  the  body  of  the  urmature  itself,  both  of 
whii'h  tend  to  fix  the  jHtlar  line  at  right  angles  to  that  of  the 
iieUi,  and  ]Kirtly  by  the  inagneeic  induction  of  the  Held,  H'hirli 
tends  to  cause  the  pohir  line  of  the  urmature  to  coincide  with 
its  own.  As  a  result  of  the  eontbined  effect  of  these  forces, 
thti  jMtlar  line  of  the  armature  will  lie  between  the  two  points 
indicatetL  This  is  apjmrent  fmiu  the  fact  that  in  all  auichiiies 
of  this  class,  so  fur  us  my  information  extends,  the  maximum 
2K>iiits  of  the  commutator,  or  the  line  upon  which  the  brushes 
are  placed  to  take  off  the  maximum  amount  of  current,  are 

in  advance  of  the  theoretical  maxi- 
mum }>oint.s  which  are  on  a  line  at 
right  angles  to  the  jMilar  line  of  Llie 
held,  au<l  Ihi-y  are  n»«-e  or  less  ad- 
vanced in  proportiou  to  the  strength 
of  the  current  induced  in  the  nrma 
ture  coils,  imd  the  consequent  ning' 
netiyJng    influciit«   exerted    theivby 
Prohal>ly  the  fluctuations  in  electro 
motive   force  observed  in  such   ma 
chines  are  due  largely  to  this  augnlar 
di8i)hicement  of  the  pides  of  the  arm- 
ature^ acting  substautiuUy  iu  the  same 
manner  to  reduce  the  lines  of  forp<j 
cut  by  the  coils  as  would  the  remoi-al 
of  the  field  luagnnls  to  a  greater  dis- 
tance   fmra    the  armature.     I   have 
found  that  if  the  cimditions  which  I 
have  indicated  aI>ove  ai-e  pi*operly  ob* 
served  in  constructing  the  machine, 
the  polar  line  of  the  armamre  may  be 
made  to  coincide  with  the  ])olarline  of 
the  field,  and  (he  i-eal  maximum  points  on  the  commutator  be 
made  to  c(»incide  so  accurately  with  the  theoretical  points  that 
the  external  n'sistjince  may  Im?  varied  to  any  extent  within  the 
working  limit.sof  the  machine ;  or  the  mmihine  may  even  be 
run  in  either  direction  without  chjingiug  the  adjustment  of 
tlie  brushes,  and  the  electro-motive  force  will  he  practically 
conntunt  for  a  given  kihhhI  of  rotation  of  the  iirmatuw?.'' 

The  Weston  method  of  ifguhititm  for  arc-lamp  circuits  con- 
sists in  introducing  ami  withdrawing  resistance  from  the  field 
circuit,  wiiich  is  u  shunt  to  the  main  circuit.     The  apparatus 


7jo.  231.— Deliilb  of  tb«  Wc«- 
tun  ntit'jriiullc:  ru^uUlor. 
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for  doing  this  is  shown  in  Fi^.  220,  and  the  details  of  its 
mecliiini.sm  in  Fig.  221.  The  i-i'ststanccs  are  cut  in  or  uat  of 
cireiiit  hy  the  movement  of  tho  arm  J,  wliieh  turns  aluHif  .1' 
fts  a  rentiT,  its  npper  end  sweeping  (iver  a  set  of  cuulaeta  ur- 
mnged  in  a  eirc^le.  Movement  is  given  to  it  by  the  timthed- 
whcels  K,  K',  whieli  are  operated  Iiy  the  viliratinj^  jiawls  P.  P', 
and  are  kept  in  motion  by  the  pulley  D.  la  normal  posiliou 
theae  pawls  ai*  clear  of  the  wheels  K,  R',  bnt  one  or  the  other 
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Flo.  $32.— Bnuh  BUtomatie  roffulrtcr. 

of  them  will  be  thnjwn  into  )iear  arcordinfr  as  the  elin-tro-mag- 
net  M,  to  whose  armature  /n  the  pawls  uw  conneded  by  the 
lever  ?,  or  the  opposing  spring  S  is  the  stn>nger.  This  elertro- 
maguet  is  placed  in  the  main  drouit,  so  that  it  is  affected  by 
variations  in  tlie  lighting  current,  the  same  as  the  arc-lamp. 
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In  the  Bnish  machine  for  arcligliting  the  Hehl  is  id  series 
with  the  himps,  and  ttiR  peKnlatfcm  is  affected  by  placing  re- 
Bi-stnnre  in  and  out  of  a  cirruit  forming  a  shunt  nrrtws  the 
Held  magnets.  A  (larhon  rlie«)atat  ia  usc<l  instead  of  wire 
coils,  the  resistance  of  which  is  varied  by  pn\ssing  tlie  plates 
of  whieh  it  is  coiriiwsed  more  strongly  together.  This  press- 
ure is  applied  by  meiius  of  a  lever  operated  by  an  eleotro- 
niagnet,  the  coUa  of  wlucU  are  in  the  lighting  cireuit.  This 
magnet  is  also  provided  with  eolls  included  in  the  shunt  cir- 
cuit, in  which  the  rheostat  is  placed,  to  increase  its  sensitive* 
ness.    The  construction  is  shown  in  Fig.  222.] 


CHAPTER  III. 


SCOyOMY  OF  COSDirCTOSS. 

[As  e^ery  electric  conductor  possesaes  resistance,  a  portloti 
of  the  electric  energy  ti-ansmitted  must  always  lie  expended 
in  heating  it,  and  therefore  lost  fur  any  usieful  purpose.  The 
resistance  can,  of  course,  be  made  as  small  as  desired  by 
simply  enlarging  the  conductor,  but  the  limit  in  this  direc- 
tion is  soon  reached,  as  ncooant  has  to  be  taken,  in  ])nictjcal 
construction,  not  only  of  the  loss  of  power,  but  of  the  cost 
of  the  conductors.  It  is  necessary,  therefore,  to  choose  the 
size  of  conductor  with  reference  to  both  of  these  items,  in 
order  to  obtain  the  maximum  of  economy.  This  condition  la 
realized.  Sir  William  Thomson  has  shown,  when  the  yearly 
interest  on  the  cost  of  the  conductor  equals  the  expense  of 
the  power  lost  in  healing  it. 

llow  large  a  portion  of  the  total  power  transmittp<l.  this 
p.nrf:  lost  in  lieating  the  conductor  is,  will  depend  u]K»n  the 
ridation  of  the  two  factors — current-strength  and  electro- 
motive foree — wliirli  meiusure  the  amount  of  elwtric  energy. 
Since  the  heat  produced  in  a  given  resistance  varies  as  the 
square  of  the  current  tlowing  through  it,  it  is  obvious  that,  to 
obtain  the  maximum  ecomimy  in  transmitting  any  given 
amount  of  electric  energy,  we  must  have  a  small  current  and 
high  i'l cr tro-motive  forca  A  simple  analysis  will  show  the 
relation  between   the  size  and  cost  of  conductor,  and   the 
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or  ;«-  =  — .     But  ■—  =  ~,  d  and  d^  being  the  diameters  of  the 


Ktrengtli  of  current,  with  the  trantimissiuu  of  the  same 
anunint  of  energy. 

Lft  C  =  <Mirr('iit  flowing  throu^lx  a  circuit  having:  a  resist- 
ance, R,  Iter  unit  of  length.  Then  C  R  =  loss  by  heating  of 
the  conductor  per  unit  of  length.  In  any  other  conductor  of  a 
resiHtance  R,  per  unit  of  length,  the  loss  by  heating  in  ctm- 
veying  a  current,  Cj  will  be  C*,  R,.  Taiung  the  htss  tlie  same 
in  both  cases— that  is,  C  R  =  C/  Rj— we  have  C  :  C\  =  R^ :  R, 

Cl^R.     But^  =  ^ 
C^      K*  R      d\' 

conductors.     Substituting  the  value  of  ^',  we  hare  ~  =  y, 

and  C  ;  C,  =  d  :  d,,  which  shows  that  in  oi-der  to  have  the 
same  Itjss  iu  the  conductor  in  transmitting  a  given  amount  of 
energy,  the  diameters  of  the  conductors  must  be  directly  as 
tile  currents  flowing  through  them.  But  the  weights  of  the 
wires,  and  hencn  their  cost,  depend  upon  their  volumes, 
which  in  equal  lengths  are  to  each  other  as  the  squoi'es  of  the 
diameters.  If  we  call  Pand  Pi  the  prices  of  the  conductors 
per  unit  length,  we  shall  have  P  :  P,  =  *f  :  d\.  and  P  ;  P,  = 
C  :  C,';  or  the  cost  of  conductors  to  transmit  a  given  amount 
of  energy  with  the  same  loss  in  each  case  will  vary  as  the 
squares  of  the  currents  conveyed. 

The  importance  of  reducing  the  current  through  the  cir- 
cuit in  order  to  obtain  economy  in  distribution  is  very  fully 
recognized  by  electricians.  It  is  for  this  reason  that  arc-lamps 
are  placed  one  after  another,  or  "in  series,'*  upon  a  circuit, 
and  that  incandescent  lamps  are  made  of  as  high  rcsistjince 
as  ]inRsil>le.  Various  other  systems  besides  the  two  already 
described— the  series  and  multiple-arc— have  been  pntptised 
with  a  view  of  inrreasing  the  economy  of  ilistribiitinn,  but  we 
will  nn!y  notice  two  here:  Mr.  Edison's  mocltticatiou  of  the 
multiple-series  system,  and  tlie  induction-coil,  or  secondary 
genenitor  system. 


I.  Eoisox's  Mirr.Tipr.E-SERrES  System  oy  Distribi'tiox. 

As  we  have  previously  seen,  in  the  simple  multiple-arc 
system  of  distributiim  each  lamp  requires  its  o^vn  supply  of 
cuiTent,  so  that,  to  maintain  a  hundred  or  a  thousand  lamps, 
one  hnndre<l  or  one  thousand  times  the  current  requisite  for 
one  lamp  must  be  transmitted  through  the  conductors.    If, 
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however,  tlie  lamiw  Iw  iiminpt'd  bo  that  there  are  two  or  more 
in  piH'h  cnms-cmniit,  ov  in  imilti  pie -series  as  it  is  ttimie<l,  the 
supply  of  current  will  (iepeiid  not  ujjou  the  individual  lamp, 
liut  upitn  the  number  of  series  cross- el pcu its.  simw  the  same 
curivut  goes  thruiigli  eurh  of  the  Iaiti])s  in  series,  in  siicrea- 
sioii.  Thus,  if  two  hunps  be  placed  iu  series,  thei-e  will  be 
required  but  one  half  the  current  for  a  given  number  that 
would  have  been  rnquisiie  in  the  simple  multiple-arc  system. 
If  tliree  laiujjs  are  placed  in  series,  only  one  third  the  cun-eut 
will  be  requii-ed,  and  so  on.  The  electro-motive  force  must  of 
course  he  pi-oportionately  increased — ihiit  is.  it  must  be 
doubled  for  two  himjw  in  series,  trebled  lor  thiiee,  etc.  The 
disadvantage  of  this  arrangement  is,  that  the  lamps  are  not 
independent  of  each  other ;  whenever  one  of  a  series  is  turned 
out,  all  of  that  series  must  be,  othenvise  the  remaining  lamps 
woidd  be  destroyed  by  the  increased  cuirent  which  would 

then  flow  through  the 
cross -circuit  in  which 
they  are  placed.  Poriu- 
stance,  with  two  lamps 
in  series,  the  turning  out 
of  one  of  them  would 
reduce  the  resistance  of 
the  cross-circuit  to  one 
half.  Double thecuiTent 
would  then  How  through 
it,  since  the  clectm-mo- 
tive  force  is  maintained 
constant.  With  three 
lamps  in  scries,  the  cur- 
rent would  be  trebled 
when  two  arc  extin- 
gTiisheil.  etc.  To  render 
this  system  of  practical 
value,  therefore,  it  is 
neiressary  to  make  each 
lamp  independent  of  the 
others,  as  in  the  simple 
multiple-arc  system.  This  Mr.  Edison  has  succeeded  in  doing 
in  the  manner  shown  in  Fig.  223,  which  represents  three  lumps 
arranged  in  series  on  each  emss-rircuit.  The  dynamos  A.  A. 
A,  are  joined  together  in  series,  the  two  main  conductors,  P 


J>^ 


o^ 


Via.  223.— Eili»in  malii|>l^-RcrlcRiii^tTi)>uiioii. 
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and  N,  being  attached,  liie  one  to  the  positive  pole  of  the 
first  machine,  and  the  other  to  ilie  negative  pole  ol  lUe  lost. 
Between  each  set  of  lamps,  comi>en- 
sating  conductors  (as  Mr.  Kdisoa 
terms  them)  are  run  to  the  genera- 
tors, giving  an  arrangement  similiir 
to  that  of  rlireft  simple  multiple-ai'C 
circiiitH  plac-ed  side  hy  side. 

When  tlip  siimti  number  of  lamps 
are  in  each  mnltiple-arc  cii'cuit,  no 
current  will  flow  through  the  com- 
penaatinjj  condnctors,  hut  it  will  pass 
from  the  positive  main  conductor 
t}iroiit;h  oacli  cross-circuit  to  the  neg- 
ative one.  With,  hnwcver,  an  un- 
cqnnl  niimher  of  himps  in  adjjicent 
<livisiona,  the  excess  of  current  abo\-e 
that  necessary  fur  the  smallfr  number 
of  lamps  will  tlow  through  the  com- 
pensating conductor  between  them. 
In  actual  constmction  the  circuits 
will  be  aiTanged  so  that  the  numlter 
of  lami>s  in  adjacent  divisions  will 
be  nearly  the  same  at  all  tunes.  The 
compensating  conductors  can  there- 
ioK  be  made  quite  small  and  inex- 
pensive. For  tw(p  lamps  in  series 
ifr.  Bklison  estimates  tliat  the  con- 
ductors will  n«Kl  to  be  but  thirty- 
eight  per  cent  of  the  size  required  for 
the  same  number  of  lamps  in  simple 

multiple-air,  twenty-five  per  cent  for  the  main,  and  thirteen 
percent  for  tht;  com  pen  sating,  conductors.  The  npplieation 
of  this  mrtlind  of  distributinn  to  a  single  generator  is  shown 
in  Fig.  224.  In  this  case  the  compensating  conductor  is  con- 
nected with  an  extra  brush  (m  the  machine,  placed  between 
Uio  other  two. 
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Via.  5S4.— Kdiwm  miiltip1t-»-rira 
■lli-iilbuiiun  uii|flU(i  lu  Oiiu 
generator. 


II.  The  Secoxdart-Gener.\tob  Sy.stem  of  DisTRismos. 

In  this  system  the  lamps  or  other  apparatus  to  be  usnd  are 
placed  in  the  secondary  circuit  of  an  induction-eoi),  the  pri- 
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■■17  wire  opf  which  is  is  the  main  cirmit.  As  th»  tesudan 
and  intteomty  of  die  Meondarr-cirnut  coirent  may  be  nude 
mofihiag  desired  br  a  proper  vinding  of  the  two  cofla,  it  i» 
j()iwflihi  to  obtein  with  such  an  appatatus,  from  a  higfa-tcArioii 
cxxmat  in  the  main  circait,  carrents  of  low  tendm  aad  eoo- 
ridctable  qaantitj  in  the  Bcccmdaiy.  Altersatiog  corraits  are 
pfdeahly  implored  in  openting  the  eolla,  aa  the  rirmit- 
breaUng  appazmttts  mar  then  he  dispetised  with.  Tti^  indne- 
tfon  system  has  been  often  proposed,  and  varioaaly  modified 
by  diffoent  inventors,  hut  has  been  so  fax  bat  very  little  used. 
It  was  jjatented.  in  iCnirlaDd  in  1&57  by  Hairison.  and  was  en- 
ployed  by  M.  JaUochkolI  in  1^77  with  his  candles  and  Us 
kafAiik  iacandesoenl  lamp,  already  deecribed.  Mr.  J.  B.  Ful- 
ler propo«ed  the  system  in  m79.  and  arranged  his  secondary 
coils  so  that  they  could  be  coupled  in  tension  or  qaantity, 
aad  made  provinon  for  varying  the  magnetic  strength  of  the 
iron  core.  The  system  was  also  used  by  Professors  Thomson 
and  Uouslon  for  operating  their  ribratnry  arc- lamp,  and  an 
induction  syxtem  has  l>een  patented  by  Mr.  Edison  In  which 
a  continuous  high-tension  current  in  the  main  circuit  produces 
a  continuous  current  of  low  tension  in  the  lamp  circuit.  None 
of  these  attempts  seem  to  have  possetl  beyond  an  experimental 
stage,  but  in  the  early  part  of  last  year  the  s^Trtem  was  revived 
in  England  by  Messrs.  (loulard  and  Gibbs,  who  have  put  it 
into  o|ienitioQ  in  the  Ltmdon  undeiT^innd  railway.  Their  ap- 
paratus does  not  rliffiT  ps.spnliiilly  from  that  previously  used, 
tliough  they  couslrurt  their  induction-colls  in  a  somewhat 
different  manner.  Each  cirrnit  consists  of  oibles  containing 
a  number  uf  wires,  whirli  cabli>s  are  wound  a!»out  a  central 
cylinder  in  the  way  in  which  the  wires  are  usually  wound. 
The  iron  core  is  compffse<l  of  a  bundle  of  wires  placed  within 
a  brass  cylinder  by  the  withdrawal  of  which  the  secondary 
current  can  be  regulated,  and  wmsequenily  the  amount  of  (he 
li^ht.  The  secoudary  coil  is  divided  into  a  numlter  of  bob- 
bins, which  can  Ite  connected  in  tension  or  quantity,  so  as  to 
furnish  the  kind  of  current  desired.  A  number  of  these  in- 
duction-coils are  cfimtuned  into  one  a]>jiaratu8  of  sufficient 
cajKicity  to  do  the  lighting  at  one  jKiint — that  of  a  private 
house,  for  exam])le — and  a  number  of  these  then  aiTanged  on 
the  circuit  one  after  another,  bo  that  the  main-line  current 
gooH  through  each  primary  coil  in  succession. 

The  practical  value  of  such  a  system  of  distribution  de- 
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pends,  nf  conrae,  upon  its  economy — whether  the  loas  occa- 
Bionetl  by  the  tmnsfoi-mution  of  the  high-tension  line  purrent 
into  others  of  low  tension  is  ri>ni]>i*ns;ite(l  for  by  the  dimin- 
ished c<ist  i)f  the  condiirtm-s — in  which,  of  com-se,  must  be 
included  the  cost  of  the  induction  ftppnnitiis.  There  appears 
to  lie  no  reiison  wliy  the  gencnifivn  effieiency  an<l  the  ekftrical 
etficienry  should  nut  be  gtjod.  There  is  h  difflcnity  in  placing 
inductive  apparatun  in  seriett  on  it  circuit,  na  the  worl(  done  in 
thf!  secdniliiry  circuit  of  n  coil  dirwtly  influences  the  current 
Jlowtug  in  tbe  niiiin  circuit,  and  Iience  the  electrical  condition 
of  all  the  coi]s  on  the  same  main  line.  This  difficulty  does 
not,  however,  appi'iir  to  In*  in.supi>ml)le.  In  long  circuits  the 
loss  due  to  on  altx?niating  cuiTciit  would  possibly  bo  consider- 
able, but  there  are  no  data  on  this  point] 


CHAPTER  IV. 


DirisiBiLirr  of  tub  electbic  liqut. 

[At  the  time  when  attention  was  beginning  to  be  directed 
to  the  incandescent  light,  some  four  or  live  years  aco,  a  pneat 
deal  waa  said  about  the  loss  of  light  resulting  frnin  division 
of  the  current,  and  the  dillerence  in  this  respect  between  gas 
and  electricity.  The  production  of  economical  burners  of  low 
candle-power  was  very  generally  spoken  of  as  a  solution  of 
the  pniblem  of  division,  as  if  there  was  in  some  special  sense 
apiTiMem  of  this  kind  in  the  case  of  electricity  quite  differ- 
ent from  that  presented  by  any  other  agent.  The  obsened 
fact  was  simply  that  a  given  amount  of  electric  energy  yielded 
miich  more  li^trht  when  utilized  in  a  single  lamp  tlian  wlu*n 
divided  up  among  a  number  of  smaller  ones.  But  the  infer- 
ence which  was  apparently  drawn  from  it  was  the  very  curious 
one  that  the  power  necpssury  to  maintain  a  number  of  l»m]>s 
was  not  directly  proportional  to  their  number,  but  increased 
at  a  greater  rate.  This  inference  was  not  distinctly  stated, 
but  was  implied  in  much  that  was  written  on  the  sul>ject,  by 
the  way  in  whiich  the  relation  between  small  and  lai^e  lights 
was  prcHente^l.  A.s  the  notion  that  there  is  a  special  difficulty 
in  obtaining  subdivision  of  light  with  electricity  not  expe- 
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rionced  with  other  means  of  illuminution  has  not  yet  wholly 
disii]>|)Oiired,  ii  miiy  lie  worth  while  Ut  wmsider  the  rtmjsona  of 
the  olisei-ved  difference  of  the  economy  of  ki^re  and  smnll 
lights,  and  the  diffei-euce  between  gas  and  cleetricity  in  Uiis 
res|iect. 

The  rale  at  which  energy  is  expended  in  an  eleetric  eireult 
is  measured,  as  we  have  already  seen,  by  the  pnidurtof  the 
Btrengtli  of  the  ciUTent  by  the  elertm-motive  foi-ce,  or  by  the 
squai'e  of  the  cun-ent  by  the  resistance.  SiipjMise  we  take  a 
wire — say  ten  inches  long — and  pass  a  cun-ent  through  it  of 
sufHcieut  strength  to  bring  it  to  a  given  incandescence.  If 
this  current  he  denoted  by  C,  and  the  i-esistance  per  inch  of 
the  wire  by  R,  tlie  expenditure  of  electric  energy  in  Ihe  wire 
per  second  mil  obrioiisly  be  lOC'R.  Now,  if  th!s  wire  be 
divided  Into  ten  parts,  and  these  be  arranged  on  a  ciiviiil  one 
after  another,  the  expenditure  of  energy  will  evidently  l>e  the 
same.  If,  instead  of  placing  them  one  after  another,  or  *'in 
series,"  they  are  armnged  side  by  side,  or  in  '•multiple  arc," 
there  will  still  be  th<t  same  expenditure,  though  in  this  case 
the  relntiim  r)f  the  resistance  and  cnnvnt  will  be  ditferent. 
Each  of  the  inch-pieces  will  require  tiie  same  strength  of  cur- 
rents C,  to  bring  it  to  its  pnnious  incande.so<Mirp,  and,  as  its 
resistance  is  R,  the  expenditure  of  energy  will  he  CR,  and 
that  for  the  ten  wires,  lOC'R.  Wlnchevor  way.  then,  these 
ten  pieces  of  wii-e  aiv  arranged,  tliey  reqnire  precisely  the 
same  amount  of  power  to  maintain  them  at  a  given  incan- 
descence, and  it  is  quite  ininwiterial  (the  resistance  of  dis- 
tributing conductors  l>eing  neglected)  whctlier  they  are  in- 
closed in  one  globe  or  each  in  a  separate  one,  and  thus  form 
ten  small  lamps  or  one  large  one.* 

It  iijipCiUM  from  this  iliat  there  Is  no  loss  whatever  by  sub- 
dividing tiie  current,  which  Is  quite  true  m>  long  as  the  other 
conditions  remain  unaltered.  Th*?  amount  r»f  heat  generated 
by  a  given  expenditure  of  electrical  energy  is  a  definite  quan- 
tity depending  only  on  the  current  and  the  resistance,  and  is 
wholly  independent  of  the  number  of  centers  at  which  it  ap- 
pears, just  as  tlie  quantity  of  heat  generated  by  the  burning 
of  a  thousand  feet  of  gas  is  independent  of  the  number  of 
jets  in  which  it  is  Immed.    The  temperature  to  which  a  body 

♦  Tbero  would  be  in  practic*  r  diffurence  in  the  economy  of  the  one  long 
filamuni  mid  Uic  l^n  »\ion  ont's,  due  to  tlie  incrcasud  Ii>s.t  of  licnt  b;  Lbe  latt«r 
hj  ooodoetion  throngh  Uie  supjiorts. 


DIVISIBILITY  OF  TUB  ELECTRIC  LIGHT. 


SfM 


will  be  raised,  however,  by  tliis  amount  of  heat  depends,  as 
we  have  already  seen,  uix>n  the  relation  between  the  rate  of 
heat  frennutinn  and  the  radiating  Hiirfaee,  and  the  light  de- 
pends uj)on  tL(;  tenijjenituit!.  An  jtniouiit  of  heat-enerpy  suf- 
ficioDt  to  iirodiice  a  jMJwerful  are-light  may  be  expended  in 
such  a  manner— in  heating  a  long  cti])pei-  wire,  for  instance — 
ns  to  i>n>du<-'e  a  haixUy  jtfrceptiWc  rise  v(  leuiperalure,  and 
oons<xiuenI]y  no  light  wliatever.  Or  it  may  be  exiMnided  in 
a  very  small  Hi)ace,  with  the  |)n>ductioii  of  a  high  tHnn>erdtin*e 
and  a  very  intense  light.  If  the  whoh-  of  tlie  energj-  ex- 
pended in  tho  teii-iiinh  wire  had  Ud-n  etniiloyrd  in  heating 
one  of  the,  small  inch -pieces,  the  lighting  elfei-l  would  Imve 
far  surpassed  that  given  by  the  eiiliix!  wirts  when  wiijiplied 
with  tlie  same  amount  of  enei^y.  So  far  from  this  fact  being 
an  oeeasioii  fur  siirpriw!,  it  would  be  very  remarkable  indeed 
if  Iheie  was  a  different  result,  for  it  would  show  that  a  long 
wire  could  be  luised  to  as  higli  a  temi>eratui*e  by  a  given  heat- 
exijenditure  as  a  short  one  of  the  same  diameter.  The  loss, 
then,  experienced  in  passing  from  one  jjowerf  ul  to  many  feeble 
lights  i>i  a  loss  due,  not  to  the  mere  fact  of  division,  but  to  a 
change  in  the  conditions  of  the  heat-sup]ily  by  means  of  Ihe 
division — to  a  lowering  of  the  mte  of  the  generation  of  heat 
per  unit  surface.  If  this  mte  be  kept  constant,  we  can  divide 
and  subilivide  indefinitely  without  any  loss  of  light  whatever. 
This  is  the  condition  i-ealized  in  incandescent  lighting.  The 
unit  burner  may  be  mnltiplled  indefinitely,  and  the  power 
will  in  all  canes  be  directly  propoi-tional  to  the  nnmber  of 
lamps.  In  this  respect  there  is  no  difference  whatever  be- 
tween electric  lighting  and  gas-lighting.  Theobsen'ed  differ- 
ence between  Ihe  n'sults  obtainable  in  large  and  small  lighta 
in  the  two  coses  is  a  difference  due  winiply  to  the  temperatures 
which  can  be  reached  in  the  two  cases. 

With  electricity  the  limit  of  tem]>ei-atnre  is  set  by  the  re- 
sistance of  the  incandescent  material  (odisint^-grnrion.  Car- 
bon is  so  ]-efraclory  that  tins  limit  is  far  off,  and,  ."iincc  the 
light  yielded  by  an  incandescent  body  increasi's  very  nipidly 
with  the  tempemturp,  a  given  amount  of  cb'ctriir  energy  ex- 
pended in  the  prodnctinii  of  heat  in  a  small  space  is  able  to 
produce  a  grcjU  amount  of  light.  When  this  lieat  is  ex- 
pended over  a  larger  spare — a  long  wii-e,  for  instance — the  tem- 
perature attainable  mpidly  decreases,  and  with  it  the  light. 

The  temperature  attainable  with  gas  is,  on  the  other  hand. 
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limited  by  the  nature  of  the  combustible  nnfl  the  point  of 
(liasr>ciatian — the  print  nt  which  the  chomiral  ufTiuity  of  a 
riimbiiatible  for  oxygen  In'j^n.s  (n  diminish,  h<»  tiiat  combina- 
tion nt)  lnng(;r  tnkcs  phu'f,  and  an  inrreiLsin^  jtnrtlon  of  tlie 
rombualibh'  gns  pasHes  off  tmronsumt'd.  Tlie  heat  /venerated 
by  th(^  rnnibtislion  of  a  given  amount  of  pts  can  not  therefoi-e 
be  upplitvl  (*ii  us  to  raise  the  temperature  of  a  body  indeti- 
ntlely,  and  the  difference  between  tlie  total  lighting  effect, 
when  this  gas  is  consumed  in  many  small  buniers  or  in  a  few 
Lirge  ones,  is  ronseijuently  much  less  marked  thau  in  the  case 
of  electricity.  This  difference  may,  however,  be  considerable, 
as  recent  improvements  in  gas-bumei's  have  shown.  A  thou- 
sand feet  of  sixteen -candle  gas  burned  in  five-foot  burners 
will  give  thirty-two  hundred  candles,  while,  if  burned  in  fifty- 
foot  Siemens  burners,  it  will  yield  nine  thousand  candles. 

From  the  above  it  will  be  seen  that  the  ordinary  way  of 
presenting  the  relation  iwtween  economy  of  large  and  small 
lights,  and  between  electricity  and  gas,  is  extremely  mislead- 
ing. Tlie  electric  light  is  represented  as  suffering  a  loss  from 
which  gas-lighting  is  free,  while  the  fact  is  that  electricity  is 
able  to  attain  an  economy  not  realizable  with  gas.  The  proper 
statement  of  the  relation  of  the  two  illuminants  is  that,  with 
equal  expenditures  of  heat-energy,  you  can  get  a  much  greater 
amount  of  light  by  means  of  electricity  than  liy  means  of  gas. 
The  electric  light  has  labored  under  the  disadvantage  of  an 
inversion  of  the  natural  order  of  development.  The  hirge 
light  was  produced  first  instead  of  last,  and  the  results  ob- 
tained with  it  have  furnished  the  standards  by  which  all 
others  were  judged.  Had  the  small  light  been  the  first  in  the 
order  of  production,  the  significance  of  the  superior  economy 
of  more  powerfrd  lights  wotild  have  been  readily  seen,  and 
incandescence  would  hardly  have  been  given  over  for  so  many 
years  as  ho|>elessly  uneconomical  because  it  fell  so  far  behind 
its  more  brilliant  competitor.  It  w*iukl  have  been  the  more 
readily  recognized  that  the  problem  of  incandescence  was 
concerned  simply  with  the  production  of  a  lamp  of  moderate 
intensity  which  should  be  as  economical  as  the  gas-flame  with 
which  it  would  have  to  compete,  and  that  the  difficulties  in 
the  way,  while  great,  were  surmountable.] 
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[Is  any  commercial  electric  distribution,  by  which  the  con- 
sumer is  fumislied  witli  light  and  power  in  such  amounts  as 
he  desires»  some  means  of  measurement  must  be  provided. 
Though  electrical  quantities  are  capable  of  the  most  precise 
determination,  and  the  instruments  in  use  are  among  the  most 
accurate  which  the  physicist  possesses,  the  devising;  of  a  prac- 
tical electric  meter  is  not  without  difficulties.  The  instru- 
ments of  the  physici-st  measure  simply  the  amount  of  an 
electrical  quantity  at  a  time,  but  a  meter  is  required  to  do 
more  than  this— it  must  measui'e  the  expenditure  during  a 
certain  time.  As  that  which  the  consumer  is  requii-ed  to  pay 
for  is  not  electricity  simply,  but  work,  the  meter  must  either 
measure  the  work  done  directly,  or  measure  some  quantity 
fi-um  which,  under  the  comlitions  of  the  system  of  sup]>ly, 
the  work  can  be  determined.  In  instruments  of  the  first 
kind,  the  work  done  during  a  certain  time  may  be  olitained 
by  a  Miinimation  of  that  performed  at  Huncensive  instants,  and 
thus  be  given  by  a  single  measur<>ment ;  or  it  may  be  obtained 
by  means  of  two  disi  inct  om*M — the  cme,  the  rate  at  which  work 
is  perfonned  at  each  instant,  and  the  other,  the  time  during 
which  it  has  continued.  In  instruments  of  the  Nec4>nd  class, 
the  aim  is  to  measure  the  quantity  of  electricity  simply  which 
haa  passed  in  a  given  time.  This  may  be  d^jne.  as  in  the  other 
dan  of  meters,  by  a  sumniatiuD  procesK,  or  by  a  double  mea.s- 
urement  of  the  strength  of  the  cun-ent  lluwiug.  and  tlie  time 
during  which  it  flows.  The  sunmiation  method  is  evidently 
the  more  accurate,  as  there  is  but  one  measurement,  and  con- 
sequently a  diminishe^l  chance  of  ei-ror. 

One  of  the  simj^lest  instruments  involving  the  nse  of  this 
method  for  the  mensnrement  of  the  amount  of  electricity  is 
the  voltameter,  ordepositing-cell.  As  is  well  known,  in  such 
a  cell  a  definite  amount  of  metal — zinc  or  copper— is  deposited 
upon  the  negative  plate  by  a  given  cuirent.  If  the  current 
be  doubled  or  trebled,  or  if  the  same  current  bo  continued 
twice  or  three  times  as  long,  thei-e  will  bo  twice  or  three  times 
the  deposit.  Enrh  additional  amount  of  electricity  passing 
through  the  cell  odds  its  own  deposit  to  tlmt  already  existing, 
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anialframatetl.  Two  forms  of  meters  have  been  devised  by 
"Sir.  EtlisoD,  in  one  of  which  the  amount  of  deposited  metal 
is  antomiitiailly  n*j^i«NTe<i.  iincl  in  the  vtUvr  of  whifh  ihiM  is 
a.sci'rt:iint'il  l»y  wei>;liiiig  tlie  electrodt^s  at  the  wctrks  of  the 
company,  to  which  they  ore  jM^icKUcally  taken  by  the  meter 
ins  lectors.  This  latter,  whi<-'h  is  llie  one  actually  employed, 
is  sltown  in  Kig.  22o.  It  contains  two  cells,  the  indications  of 
one  of  which  serve  as  a  check  ui)on  those  of  the  other.  The 
latter  cell  is  examined  once  a  month,  the  aincs  taken  out  and 
rt^placed  by  fresh  onns,  'Hie  indicalious  of  the  former  are 
taken  but  once  ia  tliree  montlis,  the  agreement  of  the  two 
showing  the  iHM'urin^v  of  tlii^  meter.  Tlie  cells  an?  each  platted 
in  circuits,  whii-h  form  shunts  to  the  main  one,  so  that  ojily  a 
small  portion  of  the  total  current  passes  through  each,  and 
this  is  different  for  each  as  the  shunts  are  of  unequal  resist- 
ance. As  the  resistaiuie  of  the  cell  varies  with  its  tempera- 
ture, provision  is  made  for  keeping  this  practically  constant 
by  means  of  a  lamp  inclrised  in  the  chamber  containing  the 
cells,  which  is  aiilnmatically  lit  when  the  temiierature  falls 
too  low,  and  extinguished  when  it  rises  too  high,  by  means  of 
an  expansion  bar  closing  and  biraking  the  circuit  of  the  lamp. 

In  the  automatic  ivgist+ring  meter,  sbowni  in  Fig.  220,  the 
weight  of  the  deposited  metal  successively  gained  by  the 
plates  is  caused  to  oi)erale  a  counting  mechanism.  It  con- 
sists of  two  cells  plact-d  side  by  side,  constructed  so  that  the 
cell  itself  forms  one  plate,  the  other  being  hung  in  the  liquid 
from  the  scale  beam.  The  electrical  connections  are  made  so 
tliat  tlie  current  goes  from  the  plate  forming  the  jar  to  that 
Buspended  plate  which  is  raised  in  one  cell,  and  frLira  the  low- 
ered suspended  plate  to  the  enehwing  jar  in  the  other  cell. 
The  niised  jtlate  is  cotttoquently  gaining  in  weight.  ».nd  the 
lowered  losing.  When  the  raised  plate  becomes  the  heavier 
of  the  two,  it  descends,  and  the  cniTi'nt  ia  rcversi'd.  There 
is  therefore  a  Hurressivc  gain  and  loss  of  weight  by  the  sus- 
pended platea  which  causes  the  scale-beam  to  i»eriodic4UIy 
oscilhite,  eiii'li  movement  of  whii-h  arts  upon  the  n-gisttfring 
ajipanitus.  The  dials  are  constructed  to  show,  not  the  amount 
of  electricity  in  electrical  measui-e.  but  the  equivalent  of  the 
amount  of  gas  necessjtry  to  give  the  light  which  has  been  fur^ 
nished  by  the  eom|>any. 

CiuTent  meters,  which  record  the  amount  of  electricity  by 
the  employment  of  the  summation  method,  have  also  boon 
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designed  by  Mr.  C.  Vernon  Boys  and  Br.  Uopkinson.  In 
Mr.  B<iys's  niet<?r,  tUis  ciirreni  i.s  applind  so  as  to  maintain  a 
pendulum  in  vibration.  Tlui  iinpuLsus  are  j^iven  to  tbe  ixin- 
dtilnm  by  means  of  the  attraction  of  an  electro- magnet,  and, 
since  tlie  force  requiiied  to  move  a  pendulum  varies  as  tbe 
square  of  the  rate  of  vibration,  and  the  attnu'iion  of  a  mag- 
net varies  as  the  square  of  the  current  flowing  around  it, 
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the  rate  of  vibration  will  be  proportiimal  to  tbe  current  flow* 
ing.  By  means  of  simple  mwhauiam,  the  nunilwr  of  vibnt- 
tions  can  be  registered,  bo  that  this  arrangemeut  can  be  read- 
ily made  to  record  the  amount  of  electricity  which  has  passed 
in  a  given  lime. 

In  Dr.  Ilopldnson's  device,  the  measurement  is  effected  by 
overcoming  tlie  atti-nction  of  an  electro-magnet  by  centrifugal 
force,  the  parts  being  arranged  so  that  the  speed  of  a  little 
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electro-motor  Ib  proportional  to  the  current  flowing.  The 
electro-niotor  is  phiced  in  a  shunt  (.•irciiit,  iind  drives  a  Terti- 
cfil  sliaft,  upon  which  is  monnted  on  ordinary  ball-goremor, 
which  is  ronnected  with  the  armature  of  an  electro-magnet, 
80  that  it  raises  this  af^in.st  the  pull  of  the  mafrnet  as  the 
balls  are  thrown  out  under  the  influence  of  centiifugal  force. 
This  electro-magnet  is  placed  In  the  main  circuit,  and  its 
strength  therefore  depends  upon  that  of  the  cuiTent  flowing 
through  this  circuit.  With  this  arrangement  it  is  evident 
that,  when  only  a  small  cun^ut  ia  ciivulatiug  iu  the  coils  of 
the  magnet,  a  low  speed  of  the  governor  will  be  sufficient  to 
overcome  its  atti-action  and  draw  away  its  armature.  As  the 
cuiTi^iit  increases,  it  takes  a  Iiigher  speed  of  the  goi'emor  to 
do  this,  so  that  there  is  a  definite  relation  between  the  speed 
at  which  the  motor  will  rotate,  when  there  is  a  bidance  be- 
tween the  magnetic  attracti<»n  and  the  centiifugjil  force,  and 
the  current  flowing.  Since  the  centrifugal  force  varies  as  the 
square  of  the  speed,  and  the  magnt^tic  attraction  as  the  ajuare 
of  the  current  circulating  in  its  coi!s,  tliiH  speed  of  the  motor 
will  I>e  directly  proportional  to  the  current.  In  onler  that  the 
motor's  speed  should  always  be  niiiintained  against  the  op- 
posing for(!e  of  the  electro-magnet,  and  therefoi-e  indicate  the 
strength  of  the  cnrrent,  the  motor  circuit  is  interrupted  when 
the  centrifiigid  force  overbalances  the  nmgnetic  attniction. 
The  speed  of  the  motor  therefore  decreases  until  the  armatiu'e 
descends  and  this  circuit  is  again  closed.  The  number  of  rev- 
olutions which  have  taken  place  in  a  given  time  evidently 
measure  the  qnantity  of  electricity  which  has  pas.sed  in  tlua 
time. 

A  qnite  simple  cun-ent-meter,  of  the  class  in  which  there 
is  a  men.siirt*ment  of  both  the  current  flowing  and  the  time 
whii'h  it  continues,  has  l>een  designed  by  M.  Candei-ay.  The 
nec<llo  of  an  nmp«^rc-metcr  (n  special  form  of  galvanometer)  is 
plac«'d  Ro  that  it  stands  vertically  in  fnmt  of,  and  but  a  short 
dist/incc  fmm,  a  small  roller,  provi<led  with  projecting  pimj, 
similar  to  the  hniTcl  of  n.  musJc-bnx.  These  pins  are  arranged 
iu  circhjH  arounci  Ilin  roller,  the  successive  circles  each  way 
from  the  center  c<mhuning  a  greater  number.  The  central 
circle  has  no  projection,  so  tliat  when  the  needle  is  vertical 
the  cylinder  can  rotate  without  touching  it.  If,  however,  the 
needle  is  deflected  to  one  side  or  the  other  so  as  to  incline 
from  the  vertical,  its  2>oint,  which  Is  formed  of  a  triangular 
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piece  of  brass,  will  be  pressed  out  sliglitly  by  the  projecting 
pins  in  tlie  circle  whicii  it  is  oppoaile.  Each  nuiveiueiit  of 
this  kind  causes,  tlii-oiigh  appro]>riQte  mechamsm,  the  motion 
of  tlio  bond  of  a  dial  similar  to  that  used  in  gas-metei's.  As 
the  extent  to  which  the  needle  is  drawTi  aside  dei)ends  apon 
the  strength  of  the  cun-ent  flowing  through  the  ampei-e-meter. 
it  is  evident  that^  if  the  cylinder  be  turned  at  a  constant  rate, 
this  arrangement  will  measure  the  amount  of  electricity  which 
has  passed  in  a  given  time.  It  will  Ih>  perceived  that  the  ac- 
ctrnicy  of  this  measurement  depends  on  that  of  two  distinct 
pieces  of  apparatus — the  current  indicator  and  the  revolving 
drnm — and  that  there  is  therefore  a  double  chance  of  error. 
Both  the  speed  of  the  drum  and  the  accuracy  of  the  ampere- 
meter can  be  very  easily  tested  and  i-egnlaled  when  found  to 
1)6  wrong,  however,  so  that  the  instrument  can  be  i-eadily 
kept  sufficiently  accurate  for  all  practical  purposes.    In  the 

type  designed  for  incandescent 
lighting,  it  is  the  intention  to 
coiLstruct  the  mittens  to  work 
with  definite  differences  of  po- 
leiilial  betwefii  the  terminals, 
1  he  mechanism  being  so  armnged 
Hint  the  mett-r  ceases  to  register 
if  the  electn)-motive  force  falls 
below  a  certain  limit.  The  im- 
Tw.  837.— Mt.  Boja"  wfork-mftttr.        portance  of  this  will  l>e  readily 

seen  when  it  is  remembeivd  that 
by  a  slight  decrease  in  the  current  tbr<aigh  the  lamp  the  light 
may  be  verj'  greatly  diminished,  while  the  work  done,  for 
which  the  consumer  would  have  to  pay.  would  !^  but  little 
less  than  when  the  lamp  is  giving  its  normal  light. 

AVork-meters  have  been  designed  by  Mr.  Boys,  whose  cur- 
rent-meter has  been  described  above,  nnd  by  Professoi-s  Ayr- 
ton  and  l*eny.  Mr.  lioys's  meter  belnngs  to  the  cla-ss  above 
indicated,  in  which  the  total  work  (lone  during  a  time  is 
given  by  a  process  of  sumnuition  or  integration.  The  pnn- 
ci])le  of  its  operation  is  shown  in  Fig.  227.  A  small  wheel, 
mounted  like  a  c;isler,  so  that  it  can  s\ving  around  a  vertical 
axis  as  well  as  revolve  on  its  own,  is  jiressed  against  a  roller 
or  cylinder  free  to  turn  on  its  axis.  Under  these  conditions, 
if  the  wheel  is  inclined  to  the  axis  of  the  cylinder,  and  the 
cylinder  be  diawn  under  it  in  the  direction  of  its  length,  the 
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wheel  will  sninfr  so  as  to  stAnd  lenjcrthwise  of  the  cylinder. 
But  if  the  wheel  be  held  in  its  incline*l  position,  the  cylinder 
will  rotate,  iiiul  the  miralwr  of  its  revolutions,  while  \Hi\ng 
moved  its  own  length,  will  depend  upon  the  amount  of  the 
in<iination.  JTow,  it  will  requii-e  force  to  hold  the  wheel  in- 
clined while  the  cylinder  is  ditigged  under  it,  aud  this  force 
will  clearly  be  gi'eat*?r  as  the  amouut  of  inclination  is  in- 
creased. The  cylinder  will  also  pull  the  uht^l  around  in 
the  direction  of  its  movement  the  moje  strongly  as  its  move- 
ment is  more  rapid.  The  foree  required  to  incline  the 
wheel,  miUlipIie*!  hy  (he  distance  througli  which  the  cylin- 
der turns,  will  evidently,  therefctre,  be  a  measure  of  the  work 
done,  and,  if  wo  know  the  work  represented  by  one  turn  of 
the  cylinder,  the  number  of  revolutions  will  |nve  the  t*ttal 
work  perfoiTiied  in  a  given  time.  It.  will  be  ob.sei-ved  tliat 
it  is  not  necessary  to  move  the  cylinder  at  any  definite  mte, 
since  the  same  work  will  be  done  when  the  cylinder  moves 
rapidly  and  the  wheel  is  at  a  Rmall  inclination  as  when  the 
wheel  is  at  a  great  inclination  and  the  i-ylinder  moves  more 
slowly.  This  apparatus  may  bo  readily  adapted  to  measure 
the  work  done  by  an  electi-ic  cun'ent,  by  inclining'  the  wheel 
by  magnetic  atti-aetion  and  moving  the  cylinder  under  it  by 

leans  of  clockwork.  AVork  must  be  done  by  tho  current 
til  maintain  the  wheel  in  its  angular  i>osition,  which  work 
will  be  meajiured  by  the  number  of  rotations  of  the  cylinder. 
In  Mr.  Boys's  arrangement,  the  cylinder  is  given  a  sort  of 
mangle-motion,  by  which  it  travels  forwanl  in  contact  with 
one  wheel  and  backwai-d  in  contact  with  another  on  its  oppo- 
sita  side,  the  object  of  this  construction  being  to  obtain  a 
continuous  revolution  of  the  cylinder.  Tlie  incliuaflon  of  the 
wheels  is  obtained  by  means  of  an  arrangement  of  solenoids 
traversed  by  the  cuiTent  to  be  measured. 

In  the  work-mcTer  of  Professors  Ayrton  and  Perry,  the 
work  is  obtained,  not  by  a  direct  measurement  of  it,  but  from 
the  amount  of  deviation  from  the  normal  working  of  an  ap> 
parntus  pvodurtHl  by  it.  If  we  have  a  clock  ke<*p!ng  time 
accunitely,  it  may  Itc  made  to  gain  or  lose  time  by  impulses 

jii'cn  to  its  p^'ndulum.  To  changn?  tho  rate  of  vibration  of  a 
prndubim,  however.  nNpiircs  work,  and  the  intal  amount  of 
work  performed  in  a  given  time  will  evidently  lie  measured 
by  the  amount  of  correction  needwi  by  the  clock.  In  the 
inatrumcnt  of  Profeasora  Ayrton  aud  Perry,  the  contnil  of  the 
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cUick  is  effected  veiy  simply  by  means  of  two  solenolda,  oi 
of  fine  and  the  other  of  course  wire.  The  tine-wire  coil  takes 
tho  place  of  the  ordinaiy  peTiduliim-bob,  and  is  placed  in  a, 
shunt  circuit,  which  forms  a  bridge  between  the  mains  when 
the  arrangement  of  the  lamps  is  in  multiple  arc,  and  is  con- 
nected with  the  main  wire,  where  it  entera  and  leaves  the 
honse,  when  the  devices  are  arranged  in  series.  The  current' 
flowing  through  tliis  coil,  therefore,  depends  npon  tlie  differ- 
ence of  potential  between  its  ends,  and  consequently  indi- 
cates the  potential  of  tliat  furaished  to  ibe  house.  Tlie 
coiU'se-wire  coil  is  in  the  main  circuit,  and  has,  therefore, 
the  cun-ent  supplied  to  the  house  flowing  tliroujfh  it.  It  is 
flxed  to  the  frame  of  the  clock  directly  behind  the  moving 
fine-wii-e  coU.  The  attraction  between  these  two,  therefore, 
vaiies  as  the  current  and  potential  supplied  to  the  house — j 
that  is,  as  the  power — and  the  amount  which  the  clock  loeetf' 
in  a  given  time  is  proportional  to  the  power  supplied.  The 
coirectness  of  the  indications  of  this  meter  evidently  depend 
upon  the  accura<-y  of  the  clock,  hut.  as  clocks  which  are  good 
time-keepers  can  be  readily  obtained,  and  at  a  com]>anitiveIy 
small  ct)st^  this  objection  does  not  appear  to  be  of  muck  mo- 
ment.] 


BOOK    VI. 
APPLICATIONS  OF  THE  ELECTRIC  LIGHT. 


CHAPTER  L 


SLtcTBicjry  /y  iioitT-uovsES, 


It  is  in  light-lurases  that  the  electric  light  found  its  first 
important  iii)iili<'ati()n.  Tlie  luminous  intensity  that  it  ctJiiUl 
attain  enabled  the  range  of  the  light  to  be  considenibly  in- 
creased, not  only  to  that  necessary  for  clear  weather — this 
rbad  already  been  attained  for  a  long  time  by  the  powerful 
^ lamps  In  nse — but  to  that  required  in  times  uf  storm.  Against 
the  storms  there  is,  in  fact,  no  other  resource  than  to  augment 
to  its  utmost  tlie  brightness  of  the  focus,  and  this  resource 
was  often  insufficient. 

At  the  present  day,  when  steam  has  rendered  voyages  eo 
frequent  and  so  easy,  there  are  few  persons  who  do  not  know 
what  a  light-hoase  is,  and  who  have  not  seen  at  night  with 
interest  those  brilliant  stai-s  which  mean  lights  upon  the  coast 
and  on  reefs  to  warn  mariners  at  a  distance,  to  indicate  to 
them  their  position,  and  to  guide  them  into  ports.  But  this 
knowledge  generally  goes  but  little  further,  and  we  do  not 
think  it  useless  to  add  to  it  such  explanations  as  will  make 
bf'tter  understood  the  pnjprcKS  which  the  uso  of  the  electric 
light  in  HO  important  u  service  n^presents. 

The  origin  of  liKht-lioiises  gofs  bark  to  the  beginning  of 
navigation,  of  which  they  were  indisi^nsablo  auxiliaries. 
Homer  described  in  the  "Iliad"  the  use  of  fires  lightt^d  at 
night  on  the  rocks  to  direct  th<*  callcys  of  the  Greeks ;  but 
the  first  light-house  pnqjerly  so  called  is  that  wliich  was  built 
by  a  king  of  Egypt  300  years  before  the  Christian  era,  opjjo- 
site  tlie  port  of  Aicxaiidria,  (m  an  island  calird  Pharos,  whi'uce 
doubtless  comes  the  name  which  has  been  given  them,  phare. 
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It  was  a  tower  of  masonry  seventy-five  feet  in  height,  on 
whose  summit  there  was  mfiintainetl  an  enormous  bontire. 
This  piTmirive  mode  uf  lighting  i-eiiiainetl  for  a  long  time  the 
only  one  employed ;  sometimes  large  oil-lamps,  with  dipping 
wick — the  only  ones  known  at  this  epoch — were  substituted 
for  it.  Id  1727,  under  Louis  XV,  it  became  necessary  to  re- 
place by  an  iron  grate  the  ancient  masonry  fireplace  of  the 
tower  of  Corrlonan,  built  at  the  mouth  of  the  Gmmde,  to  hold 
the  fire  when  bituminous  coaJ  began  tu  tiike  the  place  of  wood 
as  n  combustible. 

Attempts  had  also  l>een  mnde  to  use  lamps  with  reUcctora, 
and  an  apparatus  composed  of  eighty  lamps  had  l>een  estab- 
lished in  17H2  upon  this  same  tower  of  Cordouan  ;  but  it  was 
very  imperfect,  and  the  navigators  had  immediately  demanded 
a  return  tn  the  old  coal -fire.  The  first  real  improvements  date 
from  the  invention  of  the  lamp  with  double  air-draught  by 
Argand,  iind  from  that  of  parabolic  mirrors  by  a  French  en- 
gineer  named  Teul^re.  In  the  year  1793  they  were  utilized  in 
the  construction  of  an  apparatus  formed  of  three  gronps  of 
four  lamps  each  ;  these  groups  were  siwired  sit  as  to  divide 
the  circumference  into  three  equal  jKirts,  supimi-tod  by  a 
flume,  which  a  machine,  regulated  by  a  pendulum,  turned 
arrmnd  every  six  minutes.  Thus,  every  two  minutes,  8U(5res- 
aive  tiashes  of  extreme  brightness,  which  lasted  six  seconds, 
were  obtained.  This  was  a  considerable  progress,  and  all  the 
marine  powers  hastened  to  adopt  it. 

These  apparatus  are  called  catopfric,  because  the  concen- 
tration of  the  luminous  rays  emanating  frem  the  lamps  is 
obtained  by  simple  reflection.    Excejit  in  size  and  some  few ; 
details  of  construction,  those  which  are  used  to-day  corre- 
spond with  the  apparatus  of  Teoldre. 

Tins  solution  was  insuffleient,  because  of  the  impossibility 
of  giving  to  the  miiTors  suitable  dimensions  without  rendering 
them  much  too  difficult  to  construct,  and  too  heavy  to  move. 
Recourse  was  therefore  had  to  grouping  together  a  large 
number  with  a  lamp  for  each  one,  but  then  there  was  always 
a  limit  to  the  intensity  of  the  lights.  In  fact,  and  this  is 
often  lost  sight  of,  it  is  elevation  i>f  tempeniture  that  inci'easeai 
the  luminous  radiation  ;  (he  concentration  of  a  nundier  of 
lights  upon  any  one  point  only  augments  the  illumination  of 
this  surface,  without  increasing  iu  the  same  proportion  the 
extent  of  the  surface  or  the  luminous  range  of  the  group 
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thns  nnBstitiitfid.  B(>si(1f\'*,  the  nbermtion  inseparable  from 
this  mode  nf  reflection  rtmdei-s  useless  the  inrrcnsing  of  lights 
in  the  group  beyond  a  romparativeli'  reHtrirled  limit. 

It  was  at  this  junettirt!  that  Aiij^iistin  Fresnel  thouj^ht  of 
ntilizing  for  li;;lit-hons<i  nppanitns  the  piv)j>Rrty  of  convex 
lensps,  refraeting,  jjarallel  to  their  axis,  rays  of  lif<lit  emanat- 
ing from  tht'ir  principal  focus;  ho  invented  tUtypirir  appii- 
mtns.  On  account  f>f  the  diflicnity  whicli  the  nianuracture 
of  f<]nss  lenses  thick  enough  for  Lis  iiced.s  wmild  ha\'e  pre- 
sented, Frpsnel  first  thonght  of  mnkin*;  them  of  hollow  blown 
glass,  containing  water  or  alcohol.  Such  lenses  wonld  not 
have  been  ensy  to  construct  and  iireaer^-e.  Fresnel  thought 
of  overccuning  their  excessive  ihicknctss  by  corajjosiug  his 
lenses  of  a  centnd  jMirt,  sun-ounded  by  wmcentric  rfngs,  one 
projecting  over  the  top  (»f  the  other,  and  so  to  say  represent- 
ing a  series  of  lenses  of  differcMit  r.idii,  but  with  owe  common 
principal  focus;  it  was  the  lens  with  ridges,  of  wlueh  Buffon 
seems  to  have  had  the  conception  in  advance  of  him,  and 
without  bis  knowing  if ;  but  he  could  not  constnict  it  as  he 
conceived  of  it  as  ma<te  in  one  piece,  whei'eas  Fresnel  made 
it  of  separate  pieces,  molded  and  ground  3eparat«ly,  and  then 
accurately  put  together. 

As  there  was  no  chance  of  placing  several  lamps  in  the 
center  of  such  an  apparatus,  Presnol  and  Arago,  taking  np 
again  an  idea  of  Rumford,  succeeded  in  consti-ucting  lamps 
Avith  aevend  concentric  wicks,  quite  close  together,  and  sepa- 
rated by  as  many  annular  cuiTents  of  air.  The  tiames  heating 
each  other  mutually,  the  general  temperatui*  is  higher,  and 
the  light  becomes  white  and  brilliant.  An  excess  of  oil  is 
caused  to  flow  to  the  wicks,  to  retard  their  carbonizjition  and 
cool  the  burners.  In  this  manner  lamps  for  vegetable  oil  are 
constructed  that  contain  four  wicks,  and  give  three  or  four 
times  the  amount  of  light  given  by  the  largest  parabolic  re- 
flectors;  besides,  the  Fresnol  lenses  only  al)Rorb  at  most  five 
per  cent  of  the  ttrfal  light,  while  the  best  reflectors  absorb  fifty 
per  cent  of  it.  With  this  system  it  l«>comes  easy  to  arrange  all 
ccmilnnalioiLS  (if  lenses  necessary  to  give  to  the  different  lamp- 
flames  the  particular  character  that  is  nei'essurj-.  Fresnel 
completed  his  invention  by  utilizing  another  i^rojierty  of  glass 
rings  of  Iriaugular  cross-section — that  is  to  say,  refraction 
and  total  reflection— he  Ihus  eoustracted  rings  called  cata- 
dioptriCj  which  utilize  the  mys  that  could  not  be  caught 
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by  the  dioptric  di-um  without  unduly  exaggerating  its  di- 
mensions. 

Once  more  it  was  on  the  light-house  tower  of  Corclnuan 
tha.t  ttie  firet  apparatus  of  this  sort  was  established  in  1822. 
after  the  edifioe  had  been  increased  in  height  so  as  to  brin^ 
the  lantern  sixty  metres  above  the  level  of  the  sea. 

Since  this  epoch,  thanks  to  the  labors  of  Messw.  Doty  and 
D6nfechaax,  mineral  oil  can  now  be  used  without  inwmven- 
ience  of  any  sort,  so  that  a  fifth  wick  can  be  added  r*i  lamps 
of  the  fii'st  order,  and  so  on.  The  light  was  increased  wiih- 
out  any  gi-eat  augmentation  in  the  expense.  Gas  itself  lias 
bt^'n  used,  nnd  with  it  most  of  the  Scotch  light-houses  are 
illuminatod. 

For  a  Ion;?  time  the  electiir  light  was  thought  of  for  this 
use ;  hut  such  a  senice  must  be  chanu'terized  by  absolute 
regularity  and  certainty ;  the  electricity  must  be  produced 
by  HufUcieatly  powe^^ll  maehines,  and  as  perfect  an  appa- 
ratus as  possible  must  be  ns4xl  for  i-egulating  the  voltaic  arc. 
It  is  to  the  machine  of  Nollet,  named  the  Allinnee,  and  Ser- 
rin's  i*egulator,  that  tin*  h<mor  beh}ngs  of  Imving  caused,  in 
18ft4,  the  adoption  of  the  electric  light  in  the  light-houses  of 
France,  under  the  skillful  direction  of  the  inspector-general, 
Reynaud.  Tt  had  in  like  manner  been  applied,  in  I8fi2,  to 
the  English  light-house  of  Dungeness,  with  a  Holmes  machine 
<a  copy  of  the  Alliance  machine),  and  a  regulator  identical 
■with  that  of  Serrin. 

Although  electricity  had  fnltilled  all  the  promises  it  had 
ever  givpn,  its  use  did  not  ext<*nd  very  rapidly,  and  in  1881 
there  were  only  twelve  lighr-h-'uses  thus  lighted  in  the  whole 
world — four  in  Franco,  six  in  England,  one  in  Russia,  and  the 
last  at  Port  Said,  at  the  cntrane*'  of  the  Suez  Canal.  The 
state  of  the  vast-  is;,  that  the  semce  of  cojisl -lighting,  obliged 
to  follow  the  progre.s3  of  navigation,  could  not  wait  for  the 
last  improvements  in  electricity,  and  that  when  the  electiicity 
at  last  was  ready,  all  the  light-houses  that  were  necessary  and 
possible  were  already  supplied  with  optical  apparatus  con- 
structed to  receive  the  old  oil-lamps.  All  these  apparatus 
wonhl  have  to  lie  sacrificed,  and  after  this  a  still  greater  ex- 
pense would  follow ;  for  this  reason  the  general  use  of  it  has 
been  postponed  to  the  time  when  these  apparatus  woidd  be 
natuniUy  replaced,  In  France,  in  consequence  of  the  exami- 
nations and  proposals  presented  in  Jamuiry,  1880,  by  the 
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director  of  the  light^hmiao  service,  M.  Allard,  forty-two  oil 
lijfht-houaes  art',  tii  be  tninsfomifMl  suw^asively  intci  el<f('tric 
liglit-hoiisea.  In  Kn^laiul,  the  jiropoaal  in  Id  i>stui)li<4h  uiie 
hiiiuimil.  Siniilur  examimitiouH  are  lieiu^  imitiued  in  the 
UnUocl  States,  Aiisti-ulia,  and  even  In  Turkey. 

It  is  iniportaat  tu  renuirlv  that,  in  sjute  of  the  Cdnimnn  ex- 
pression, lighting  the  coasts  {ectairagc  dvs  eutes),  Hght-huuses 
do  no  lighting  in  the  proper  acceptation  of  the  word.  Their 
role  is  to  be  visible  at  the  greatest  possible  distance,  and  this 
distance,  which  is  caUed  their  range,  de^tends  on  the  height 
of  the  lantern  above  the  horizon  and  on  its  luminous  inten- 
sity. Tims  geographic  rariffe  should  be  distinguished  from 
luminous  range. 

The  first  is  limiled  by  the  roundness  of  the  earth;  it  is 
equal  to  the  length  of  a  Hue  carried  fivim  the  lantern  tangen- 
tially  to  the  spherical  surface  of  the  sen,  and  prolftnged  until 
It  renches  the  eye  of  the  observer ;  this  Inst  is  natumlly  sup- 
posed to  be  at  the  greatest  height  attainable  on  the  mast  of 
the  ship ;  by  being  elevated  from  three  to  twenty  metres  it  is 
capable  of  inci'ensing  the  distance  some  ten  kilometres.  Un- 
fortunately,  the  height  of  the  hinlern  is  always  limited  by  the 
difflmUies  of  c<instruction ;  the  highest  light-houses  are  those 
placed  where  the  formation  of  the  coast  makes  it  possible  to 
lay  their  foundations  successfully  in  places  already  elevated 
high  above  the  sea-level,  such  as  those  of  Agde  and  Cape 
Camarat.  in  the  Mediterranean,  which  are  12Q  and  130  me- 
tres above  the  sea-level,  and  whose  ge<igrapliic  range  attains 
the  very  umisual  extent  of  50  and  01  kihjraetres.  When  this 
advantage  can  not  be  had,  they  rarely  exceed  CO  metres  in 
height  and  30  to  36  kilometres  of  geographic  I'ange,  like  the 
Cordoiian  light-house  in  its  present  state. 

With  a  powerful  enough  lamp,  the  laminons  range  can. 
attain,  and  even  exceed,  the  length  of  (he  geograi)hic  range, 
but,  unfortunately,  in  clear  weather  only ;  it  rapidly  dimin- 
ishes on  many  occasions  with  the  transitarenoy  of  the  air, 
and,  as  we  shall  see,  this  tlimiuutiou  has  to  be  taken  into 
account  in  calculating  the  distances  to  be  allowed  between 
light-houses. 

As  a  first  service,  light-houses  are  eK]>ected  to  indicate  to 
the  mariner  his  approach  to  coasts,  and  this  at  as  great  a  dis- 
tance as  possible.  Tliose  used  for  this  purp*)se  should  be  of 
the  highest;  hiniinoos  inteuaity;  they  are  the  light-houses  of 
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the  first  ord^er,  to  which  also  is  ^ven  the  name  of  pkares  de 
ijrrtnflf  atfenfiffp.  If  the  navij^itor  is  deceived,  or  has  de- 
viated tt*jm  his  course  in  bad  weather,  he  must  be  able  to  fol- 
low the  coast-Uoe,  at  a  safe  distance,  until  he  reaches  a  point 
in  front  of  his  harbor.  lie  mnst  then  Ix*  able  to  find  an  nnin- 
temipte^l  succession  of  lights  of  the  same  p«j\ver,  not  Unjin^ 
sight  of  one  before  finding  the  next  one  :  in  a  word,  the  cir- 
cles of  luminous  range  of  light-houses  must  reciprocally  in- 
tersect at  a  good  distance  fi-om  shore,  and,  in  order  that  this 
may  take  place  as  often  aa  possible,  there  must  be  adopted 
for  the  radius  of  these  circles  the  luminous  range  that  cor- 
responds to  the  mean  degree  of  transparency  of  the  atmos- 
phere—that is  to  say,  that  which  is  reached  or  exceeded  half 
the  time.  Rigorous  observations  carried  on  for  j'ears  have 
e8tal)li9hed  tills  factor  for  difTei-ent  parts  of  the  coasts;  it  is 
greater  in  the  Mediterranean  than  on  the  shores  of  the  ocean 
or  of  the  English  Channel. 

Having  reached  the  desired  spot,  the  mariner  should  be 
able  to  approach  closer  to  the  coast  nithoiit  danger,  and  it 
lM»comes  neiM'ssary  to  indicate  to  him  by  a  new  system  of 
lights  the  dangers  lie  may  meet  in  this  siHrcmd  zone.  Hence 
comes  tlie  nocessity  of  employing,  back  of  the  first  light- 
houses, other  lights  of  variou.s  intensities  corresponding  to 
the  second,  tUini.  fourth,  and  even  fiftli  older.  Finally,  less 
powerful  lights  give  him  the  last  ranges  to  follow  to  enter 
]K>r(  at  night ;  these  are  the  range-lights,  In  the  sea-ports, 
lights  of  dilTen'nt  rtilors  sliow  him  at  every  hour  of  Ihe  night 
the  depth  of  water  in  the  port  at  each  change  of  level  of  <ifty 
ceuliinelnf.s. 

Natiinilly,  all  light-houses  do  not  have  to  distribute  their 
ra>'^  arfjund  them  in  the  same  way :  the  large  mainland  lights, 
and  Bometimi's  light-honsi^s  of  the  secoml  onler,  must  light 
the  wliole  lioriz(»u  ;  others  only  light  a  hu-ger  or  smaller  seg- 
ment, and  the  light  wliich  would  be  useless  on  the  landward 
side  is  i-eflecltil  sejiward.  When  the  tiunj^parenee  of  the  air 
becomes  so  diminished  that  the  circles  of  the  Juniiuous  range 
of  the  mainland  lights  no  longer  intersect,  the  lights  of  the 
eecond  line  till  the  void,  and  prevent,  ns  far  as  po.ssJbIe,  the 
danger  which  would  result  therefrom ;  in  pmrtire  tin.'*  hap- 
pens during  about  six  months  of  the  year;  during  the  other 
months  the  mariner  only  receivcH  warning  ut  a  distune*-  wliich 
is  tlio  smaller  as  the  atmi>.sx)here  is  less  tmus|iarent^  and  here 
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will  be  one  of  the  ndvantagea  of  the  electric  light,  in  redncing 
this  jieriod  to  two  monrhs  at  the  most  on  the  Atlantic  coast, 
and  to  one  mouth  ou  the  Mediterranean,  on  account  of  the 
inciHase  of  luminous  mage. 

In  order  that  the  indications  they  afford  the  maiiuer  may 
be  very  clear,  it  is  indispensable  that  ail  these  successive 
lights  present  difiEerent  and  WHll-defuied  characteiistic  appear- 
ances. To  attain  this  end.  five  vaneties  of  lights  ai-e  used: 
simple  fixed  light,  donble  fixed  light,  eclipse-light,  with  Hashes 
eveiy  thirty  seconds ;  eclipse-light,  with  flashes  every  min- 
ute; fixed  light,  varied  by  four  luiniile  Hashes.  As  complete 
eclipses  make  it  hai-d  to  again  find  the  light,  especially  in  l>ad 
weather,  in  the  French  light-honaesa  fixed  light  is  maintained 
during  the  time  of  eclipse,  so  that  the  light-house  can  be 
kept  in  new.  This  fixetl  light  is  rt'latively  weaker,  and  varies 
in  value  between  one  half  and  r>ne  seventh  of  the  intensity  of 
the  regular  light,  act-oi-ding  to  whether  it  is  comjiosed  of  rays 
tiiken  from  the  top  and  bottom  of  the  apiMimtus,  or  of  those 
taken  from  the  bottom  only. 

These  fiv(i  cliiinuTters  not  proving  enough,  they  were  sup- 
plemented by  the  rnior  of  the  liglit.s,  iu  si>itc  of  the  loss  of 
intensity  resulting  thorefi-om,  bocanse  a  colored  light  is  one 
that  has  lost  a  part  of  its  luminous  mys.  Fiirthennore.  only 
green  antl  red  can  be  used,  and  the  last  as  seldom  a-s  possible. 
In  this  waj'  there  are  obtained  fixed  lights  varied  by  red  and 
gnum  flushes  every  four  minutes,  aTul  lights  composed  of 
white  und  lud  flashes.  Those  are  the  different  characters 
used  in  actual  light-honses  using  oil-lamps ;  their  defect  is 

long  a  ]>nriod  of  mimifestution,  foreing  ujMm  the  miiriner 
Inng-sustained  attentiim  to  recognize  the  rlianieter  of  the 
liglit  lie  has  sighted.  A  eertaiu  skill  even  is  neressary  to  ap- 
prtMsiute  dilTereiices  of  only  one  half  minute.  They  were 
adopted  beeaiisB  of  the  dilhculty  of  imparting  to  Ihe  old  ap- 
pajutus,  large  and  clumsy,  a  somewhat  i-ajiid  movement  of 
rota  I  ion. 

As  the  dimensions  of  optical  apparatus  depend  uixm  the 
volume  of  the  sources  of  light  whose  rays  they  concentrate, 
the  giieat  reduc^Iion  in  volume  obtained  by  the  use  of  the 
electric  light  makes  it  possible  to  reduce  the  size  of  the  op- 
tical apparatus.  The  diameter  of  oil-lamp  apijaratns  of  the 
first  order,  which  was  1*84  metre,  can  l>e  reduced  to  '5  or 
•6  metre  for  electric  lights  of  (he  same  order.    The  extreme 
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lightness  cf  these  new  optical  apparatus  makes  it  possilile  to 
turn  Ihcm  miirh  faster ;  thus,  a  new  rhararter  of  light,  ciUIed 
srinfif/a/fnf/f  can  be  adopted.  To  pr<Hlupe  it,  a  (ix«l-liglit 
apiianitus  is  used  which  normally  concentiutes  niys  in  a  ver- 
tical plane;  around  this  apparatus  a  drum  of  lenai's,  called 
•aertical-dfinfttl  len.tfx,  is  caused  let  rotate.  These  len!«».s  ore 
platett  of  glass,  having  a  lenticular  secrion,  the  Hiiine  ihrotigh- 
<jnt  their  h-ngth.  Kauh  of  them  cttnrentnites  nija  in  a  hori- 
z<mtnl  plane,  and  consequently  jirotlufes  a  Hush.  I>uring  the 
rotation,  if  all  these  lenses  ai"e  et^ual,  the  navigator  will  see  a 
series  of  equal  white  Hjtshes  succeeding  each  other;  a  simple 
scintillating  light  will  bi?  prndiired.  If  the  verlteal  lenses  (ire 
alternately  red  and  white,  nnl  and  white  flashes  will  follow 
each  other  in  alternation.  So,  in  placing  the  red  leuses  two 
apart,  three  apait,  or  f<nir  aimrt,  liglils  will  be  produced  hav- 
ing two,  thi-ee,  or  four  flushes  of  white,  followed  by  one  red 
flash.  It  is  necessary  to  remark  in  tliis  ease  that,  as  red  di- 
minishes the  luminons  intensity,  it  is  always  neoessjiry  to 
give  the  red  lens  larger  <iimeusions  to  compensate  for  this 
loss.  Thus,  by  the  fonn  given  to  the  lenses,  the  white  and 
red  flashes  may  be  made  equidistant  in  point  of  lime,  or  else 
so  that  there  may  be,  between  the  red  fljish  and  the  next 
group  of  wliite  tlashes,  a  grenter  interval  than  that  which 
separates  these  last  from  each,  other.  But  the  I'etl  fla.shes 
cause  a  loss  of  light  the  greater  as  the  number  of  white  flashes 
is  less.  Thus,  M.  Allard  prefers  in  many  ca.ses  to  separate  the 
gronps  of  white  flashes  simply  by  on  interval  of  darkness. 
This  effect  is  produced  by  a  simple  modification  in  the  sliape 
of  the  vertical  lenses,  and  the  eight  following  cbaraclci-s  are 
obtained :  scintillating  lights  with  one,  two,  three,  or  four 
white  flashes  and  one  red  flash;  white  scintillating  light; 
scintillating  light  in  gwmps  of  two,  three,  or  four  white 
flashes.  Tliese  chiu-aotei-s  are  the  only  ones  permanently 
adopted.  They  possess  the  advantage  of  immediate  and  easy 
recognition  without  the  use  of  any  clock. 

The  regidator  employed  in  light-houses  for  the  electric 
light  is  that  of  M.  Serrin.  It  is  constructed  after  a  special 
model,  worked  out  with  much  care,  and  is  made  of  larger  di- 
mensions than  the  ordinary  model,  and  with  rare  skill.  Tlie 
appamtns  rests  upon  a  metal  table,  supplied  with  rails,  be- 
tween which  are  placed  spnngs  connected  with  the  two  poles 
of  the  ciicuit.    It  is  enough  lo  push  the  regubtor  into  its  place 
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f(ir  ila  preasiire  uixm  thtwe  Hpriiigs  briiij^s  U  iuto  circuit,  when 
ttie  ar<.-  iinmedinrely  fniin-s.  In  tbe  lii-Ht  Ii^ht-buiise»,  that 
only  light  a  part  ot  the  hoiizon,  a  nystem  of  tlouble  mils 
croeslng  nt  an  acute  anyle  makes  the  rapid  chaiij^e  of  appa- 
ratus easy  by  allowing  the  eKtiuguiBhed  one  lo  be  dniwn  out 
and  the  other  to  be  pushed  imo  its  place. 

In  the  new  apparatus,  such  as  that  of  Planier,  which  lights 
the  wliole  horizuu,  it  would  have  been  necessary  to  have 
oj)ened  in  the  drums  of  lenses  too  large  an  entrance,  and  other 
amLngementa  had  to  be  adopted.  Peritendiciilar  to  the  iiiil 
which  entere  the  apparatus,  and  outside,  is  placed  a  second, 
rail ;  at  (he  point  wliere  they  meet  is  a  turn-table  similar 
to  those  used  on  niiUvays.  The  mauaMivre  is  quite  as  easy 
and  as  rapid  as  with  the  other  system,  thoiii^h  the  rotating 
drum  has  to  be  stopjied,  and  two  doors  have  to  Ije  oi>ened. 

A  small  lens  pmjert-s  tlie  mngnitied  ima«;e  of  the  voltaic 
arc  either  on  the  wall  of  tlie  machinery -room,  as  at  La  Hfive, 
or  down  upon  the  working-table,  bj-  means  of  a  re<'tangul!ir 
prism,  whose  faces,  forming  the  sides  of  a  right  angle,  have 
received  the  necessary  runature.  The  keeper  can  then,  with- 
out fatigue,  oI>serve  the  slightest  variations  in  the  position  of 
the  carbons  by  means  of  a  cun'e  traced  in  advance  aiid  corre- 
sponding to  the  exact  location  of  the  light ;  he  regulates  or 
adjusts  them  by  means  of  a  regulating-button  with  wliicli  the 
r^ilator  is  supjdied,  and  whit-h  permits  Imth  «irbon -holders 
to  be  raised  or  lowered  without  affecting  the  light. 

The  Alliance  machines  were  the  first  employed.  To-day 
those  iised  ai-e  the  jnagneto-eleotiic  machines  of  M.  de  M^ii- 
tens,  which  we  have  already  described.  They  are  placed  along 
with  the  steam-engine  and  shafting  in  a  b\ulding  near  the 
light-honse,  and  connected  by  perfectly  insuhited  wMi-e  with 
the  working-table.  All  the  machines  are  in  duplicate,  winch 
insures  the  certainty  of  service  in  case  of  accident  to  one  of 
the  machines,  and,  if  necessary,  on  the  occasions  of  severe 
storms,  makes  it  possible  to  run  both  at  once,  so  iw  to  double 
the  intensity  of  the  light. 

Experiments  made  with  a  Gramme  machine,  large  size, 
prove  that  it  can  also  give  excellent  results  as  far  as  its  in- 
tensity and  expense  of  running  ai^  concenied ;  but  the  Fi-ench 
Government  j^refers  alternating  currents,  from  consideraliona 
affecting  the  division  of  the  light  and  the  consumption  of  the 
carbons. 
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metres  in  diameter  at  the  level  of  the  foundation,  and  0*70 
metres  in  diameter  at  the  top  of  the  shaft ;  the  center  oiwning 
fiinuirig  the  stair-well  is  a  cylinder  four  metivs  in  diameter. 
The  lantern  is  placed  5700  metres  above  the  foundation-level, 

and    Ql'Q'S   metres   above 

high-water  mark.  It  is 
composed  of  a  scintillat- 
ing electric  light,  with 
eclipses  every  five  sec-, 
onds,  a  txmI  tlush  follow- 
ing thi-ec  while  flashes  ; 
the  range  should  lie  about 
twenty-three  geogntphical 
miles  (over  twenty-five  and. 
a  half  stainte  miles).  It 
is  the  same  apiMirutus  that 
worked  at  (he  ('humps  ile 
Mars  during  the  whole 
time  of  the  I'nivei-sal  Ex- 
position of  1878 :  a  simi- 
lar apparatus  worked  also 
at  the  Palais  de  Tlndua- 
trie  during  the  Eleclrioal 
ExhibiLlou. 

Fig.  229  represents  the 
section  of  the  upper  floors 
and  of  the  lafitern.  The 
ii-on  floor  of  this  lant^ra- 
room  is  supported  in  its 
center  by  a  hollow  cast- 
iron  column,  thrrjiigh  the 
center  of  which  the  cord 
descends  that  carries  the 
weight  which  moves  the 
enter  drum  of  the  optical 
apparatus.  This  ctml  is 
conducted  around  pulleys 
to  a  recess  forniiMl  In  the 
masonry.  The  bai-s  Iwtween  which  the  glasses  of  the  lantern 
arefaatene<l  have  inclined  faces,  so  that  they  do  not  dimin- 
ish the  light  acnsibly  in  any  direction. 

The  optical  ajjparatus  is  shown  in  Fig.  230  ;  it  Is  composed 
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of  a  stationary  lantern  of  -fii)  mtttre  interior  diameter,  and  of 
a  movable  on  tor  dnim,  formed  of  vertiral  lenses.  In  spite  of 
the  bad  economy  of  passing  the  light  through  two  lenses  suc- 
ceBsiTely,  Ibis  combination  has  been  adopted  because  by  it 
the  necessary  duration  can  be  given  to  the  flashes  by  increas- 
ing the  horizuQial  divergence  of  the  lenses  of  the  drum 
without  modifying  the  vei-tical  divergence  due  to  the  lixed 
lantern  lenses. 

The  vertical  drum  is  composed  of  six.  groups  of  four  lenses, 
one  retl  iuitl  tliree  white.  The  lenses  designed  to  produce  red 
Hashes  include  an  augle  three  times  greater  thau  that  of  the 
leases  giving  white  flashes ;  this  relation  is  necessary  to  insure 
the  same  range  to  it  &s  to  the  others.  It  turns  upon  a  circle  of 
rtiliers  by  means  of  mechanism  placed  in  the  base ;  the  reg^i- 
larity  of  movement  is  insured  by  a  fan-regulator  of  FoucauU. 

Apparatus  of  this  kind  gives  an  intensity  about  Jifty  times 
greater  than  that  of  the  electric  light  within  it ;  the  white 
vertical  lenses  nearly  qua<iruple  this  tnti'nsity,  so  that  the 
flashes  are  2(10  times  greater  than  the  cmginul  light,.  If  this 
latter  be  supposed  equal  to  5(M)  cuircels,  each  while  flash  will 
be  equal  to  about  100,iKH)  careels.  The  lenses  pniduciug  the 
red  flash  give  three  times  this  intensity,  to  compensate  the 
diminution  due  to  the  coloration. 

The  adoption  of  the  electric  light  in  light-houses  presents 
tlie  following  advantjigiw  ;  It  makes  possible  the  increasing  at 
will  of  the  luminous  intensity,  and,  in  consequence,  the  mnge 
of  the  light  in  stormy  weather ;  the  importanc;e  of  this  will  Iw 
understood  when  it  is  stated  that  the  unit  light  visible  at  a 
distiiuce  of  nearly  nine  kilometres  in  (^lear  wejither,  or  seven 
in  average  weather,  can  uot  be  discerned  moi-e  llian  aliout  live 
in  stormy  weather ;  beyond  this  comes  foj^y  weather,  when 
almost  or  quite  nothing  is  discernible.  Cai-eful  observatic)n8 
have  proved  the  existence  of  the  following  differences  per  100 
obsen'ations : 


,.      ,.  .  ,  ,       „- , ,,       .       J  Electric  liffhl  U  ridble  (19  tirriei 

At  a  UMtuDDu  of  moro  diao  87  kiloniotrw.  j  ^.,  ,,_^^,  ^     .,     „      „    .. 

IS  - 

48  " 

19  " 

Onilgbl  "     "      28  " 


i  Oil  light 

fc.       ^-  .     OT  I  1       ».     i  Electric  light  " 
from  fiT  to  87  kilomctrca.  j  ^^.j  ,.^,^^  »     .. 

I       .1       n-  1.11       .  i  Elwctric  lifflit  " 


This  superiority  at  long  ranges  is  due  to  the  fact  that  (he 

temperature  of  the  are  is  much  higher,  and  its  speciflc  inten- 
se 


APPLICATIONS  OF  THE  ELECTRIO  IJGHT. 


sity  mnch  more  considerable.  Thus  the  intensity  per  square 
centimeti-e  of  an  electric  light  of  2iH)  cflrcels  is  TpM  times  gi^aier 
than  that  of  the  same  Hnrface  of  a  minernl-oLl  lamp  witli  live 
wicks.  If  now  it  be  compared  with  the  sunlight,  it  will  be 
found,  according  to  M.  Allard,  that  the  intensity  of  this  latter 
light  upon  the  earth  is  equal  to  a  light  of  «,ti<>0  careels  at  a 
distance  of  one  metre,  and,  taking  into  account  the  thickneaa 
of  the  atmosphere,  estimated  at  nine  kilomerre^s,  the  luminous 
intensity  of  tlie  solar  surface  per  8i]^u»re  centimetre  is  equal 
to  12,00(1  carcels,  or  47  times  as  powei-ful  as  the  electric  light, 
and  more  than  2,6<H)  times  that  of  an  oil  lamp  with  five  wicks. 

The  electric  light  also  makes  it  possible,  as  we  have  seeo^ 
to  prolong  the  duration  of  the  flashes  in  rotating  lanterns  by 
the  use  of  vertical  lenses,  whicli  move  in  front  of  the  fixed 
lantern,  giving  thi^m  six  rimeii  their  normal  power. 

It  also  makes  it  possible,  on  account  of  the  lightness  of 
the  appiimtus,  to  sujipress,  in  the  list  of  chniacteriMtic  diflFer- 
ences,  the  use  of  u  stated  period  or  duration  in  minutes  and 
seconds.  With  the  new  diameters  which  can  be  employed 
on  account  of  it,  cvim'V  lighr-hmise  declares  its  name  moi 
quickly  and  ccitalnly,  without  the  necessity  of  consulting 
watch. 

This  same  increase  of  ptiwer  of  the  light.s  makes  jt  practi- 
cable to  add  to  the  characters  the  use  of  red  lights,  in  spite 
of  the  loss  resulting  from  the  colomtion,  the  red  light  hating 
only  one  quarter  the  range  of  white  light ;  for  gi-i-en  light  it 
is  still  worse,  only  one  eighth  ;  thus  this  last  can  only  l>e  em- 
ployed, for  stationary  range-lights  and  for  signals  at  sea. 

Finally,  the  intensity  of  the  electric  light  being  much 
greater  than  is  necessary  for  an  ordinary  mainland  light- 
house, MM.  Sautter  and  Lemonnier  have  profited  by  it  to 
caus«i  it  tit  produce  a  Inminous  plume,  thrown  vertically  up 
from  the  light-house ;  thanks  t«t  its  height,  this  plume  can  be 
seen  fn>m  ninety  to  one  hundred  kilometres,  where  the  ordi- 
nary geographical  range,  limited  )»y  the  cun-ature  of  the 
earth,  rarely  excce<ls  fifty-tive  kilometres.  This  will  permit 
navigators  to  direct  their  course  farther  from  the  coast-line, 
and  thU  is  sometimes  a  condition  of  considerable  importance. 
It  is  thus  that  in  the  Sea  of  Azof  most  vessels  that  eater  this 
sea  by  the  Straits  of  Yenikale  to  load  with  com  at  Taganrog  or 
at  Berdiansk.  wish  naturally  to  follow  the  straightest  i>0S8ibleJ 
line,  traversing  the  sea  where  it  is  Hidest  and  far  out  of  range' 
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Lemonnier  to  construct  an  electric  light-house,  Hurmoanted  by 
a  vertical  laminoiis  plume,  which  will  be  visible  at  Yenikale. 

The  apparatus  is  that  of  a  light  fl:i8hing  every  five  seconds, 
with  eclipses  three  Heconds  in  diu-ation.  The  optic  system 
consists  nf  a  fixed  lantern  one  metre  in  diameter,  in  which  the 
npper  catadioptiic  part  is  replaced  by  a  pi-ojection  lens  whose 
optical  axis  is  vertical,  and  passes  through  the  voltaic  arc  of 
the  apparatus ;  it  is  this  projector  which  produces  the  per- 
manent beam  or  luminous  plume. 

Fi)llowinff  out  this  principle,  the  same  engineers  have  con- 
structed a  model  of  an  electric  light-house,  shown  in  Pig.  231. 
It  is  supplied,  like  the  preceding,  with  a  projection  lens,  and 
the  lower  part  has  been  enlarged  so  as  to  utilize  the  mi:»st 
inton.se  rays  of  the  voltaic  arc  produced  by  continiions-ciirrent 
machines. 

A  Gramme  regulator  is  employed  ;  it  is  supported  from 
above,  wliidi  dot-s  away  with  the  tables  and  the  supports; 
moreover,  the  lamp  is  double,  and  can  bum  all  night  without 
needing  ivplacement.  It  is  enough  to  tuni  the  lamp  through  an 
arc  of  IStr  around  it-s  pivot  for  a  second  pair  of  cjirbons  to  be- 
come lighted  in  the  focus  of  the  optical  apparatus ;  the  ]>eriod 
of  extinction  is  inappreciable. 

The  factor}- nf  MM.  Sautter  and  Lemonnier,  founded  in  It 
under  the  direction  of  Augustin  l-Yesnel,  is  one  of  the  lirst  in' 
which  tlic  electric  light  was  applitMl  to  the  illumination  of 
work.sliopH.  Pig.  282  illn.st  rates  this  installation,  of  which  we 
Hhall  speak  further  on. 

The  latest  improvements  shown  in  the  Electrical  Exhibi- 
tion of  1881,  in  the  jjroduction  and  distribution  of  currenta, 
gives  r<K>m  to  hojw  that  light-houses,  even  when  far  from  the 
coast,  and  in  situatitins  which  do  not  pennit  the  use  of  ma- 
chines, may  profit  by  it,  as  we  have  seeu  that  at  the  preset 
day  these  latter  can  l>e  pla<ed  at  a  considerable  distance  froi 
the  lamp.  Perhaps  the  time  will  come  when  the  most  Impoi 
tant  buoys  can  be  lighted  at  night,  either  directly  or  by  pro- 
jection. 
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CHAPTEH  n. 

TBK  BLSCTBJC  UGHT  iS  WAS  ASI>  AUV/OjTJOS. 

Night  does  not  put  a  stop  to  military  ui>eratiuas,  it  only 
imposes  different  conditiona,  which  the  electric  light 
modify  in  more  than  oneway  by  the  intensity  of  the  light 
which  it  prtiduoes.  It  can  esiHK'iaUy  serve  to  direct  night 
attacks,  and  at  the  same  time  render  visible  the  ontworks  of  a 
place  or  surroundings  of  a  vessel  threatened  with  a  seci-et 
attack.  At  sea  it  can  also  furnish  a  sort  of  light-house  car- 
ried by  each  vessel,  to  signal  its  ai)proach  to  others  and  pre-- 
vent  collisinns,  Finally,  without  s)>«\kinL'  for  the  moment  of 
a  number  of  other  nsea,  it  gives  very  powei'ful  luminous  sig- 
nals, which  have  originated  a  system  of  optical  telegraphi 
even  mure  useful  for  military  convsiKmdfUce  in  the  enemy's 
country  tluin  for  comiuuuieations  Iwlween  vessels,  as  it  re- 
quires no  inlfrmt:'diary  wii-e. 

I.  MiLiTAKv  AND  Maritime  Appucations  from  1856 

TO  1877. 

The  imiKirtance  of  this  new  element  of  action  was  appre- 
ciatetl  at  an  early  date  by  studious  officers,  perhaiis  even  at 
an  epwh  when  no  prarlical  meims  wi-n*  known  of  employing 
it  effutH'iousIy.  Tile  Kn'ncli  jlwt  tried  it  in  1855  at  the  sie^e 
of  Kinbum,  during  the  campaign  of  tlm  Kaltic.  A  jNirabolio 
rertHct<ir  wiis  used  t<i  projti;t  a  Ix'nm  of  electrir  light  ujnm  the 
\Mnt  attacked.  A  short  time  after,  M.  Martin  de  Hrettes 
published  an  extensive  work  in  which  he  enumerated  all  the 
service!*  that  the  elertric  light  couhl  render  to  the  ai-t  of  war, 
either  for  the  lighting  up  of  siege-works  and  military  o]>ent- 
tions.  or  as  a  means  of  telegraphic  commnuication. 

The  war  in  Italy,  in  ISoO,  directed  the  attention  of  the 
French  military  authorities  to  this  subject,  who  instituted 
experiments  to  tix  the  elements  of  construction  of  an  appa- 
ratus fit  for  campaign  use.  These  experiments,  conducted  at 
Paris,  were  performed  with  a  Gt-enet  Itattery  and  a  i>arabolio 
reflector  like  that  which  had  been  used  before  Kinbum.  But 
the  iwace  of  Villafrnnca  intemipted  them  before  long,  and  the 
Italians  next  took  them  up.     In  the  short  cami>aigu  of  1801, 
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against  the  King  of  Naples,  General  Menabrea  used  a  ligh^ 
ing  apparatus  constructed  upon  similar  x»rinciple8,  and  capo^ 
bio  of  giving  UMiful  n-sults  at  a  dislanvR  of  l,lj^Ki  metres. 
This  murli  at  least  was  indicatf?(i  by  the  test  experiments,  for 
the  iippaiutits,  prepared  fur  the  attack  of  Gaeta,  had  no 
rhunce  to  be  tried  in  actual  prartice — that  is  to  say,  before 
the  enemy,  in  the  midst  of  tjiege  operatiouH. 

TliH  militjij-y  use  of  the  electric  liglit  met  a  greater  obstncio 
in  field  use  than  I'lsewhere,  due  U)  the  ineonvenience  of  the 
mean-s  of  production.  Butteries  were  still  the  only  itrailable 
Honrre,  and^  ti>  olitmn  an  intense  light.,  very  many  eells  were 
required.  These  were  not  onlj*  cumltrous  and  fragile  for 
tninsportatiiui,  but  they  were  difficult  and  slow  to  set  to 
work,  wliich  deprived  tlieni  of  much  of  their  itmctical  value 
in  a  condition  of  things  where  proin])titUf]e  is  the  first  ele- 
ment of  success, 

Towani  1S02  the  Alliance  magneto-electric  maehine,  wm- 
siderably  improved,  fumiHhed  a  sounre  of  electricity  less  com- 
plicated and  more  powerful.  But  it  still  was  too  heavy,  so 
that  its  (nmsportaiiau  for  an  aniiy  in  the  Held  was  almost 
impossible.  The  same  obstacle  did  not  exist  in  the  case  of 
ships,  which  placed  it  in  jitisitifm  as  a  jHirt  of  their  eqinp- 
ment.  Thus  the  Alliance  machine  was  first  ase<l  <m  the  sea. 
Its  first  applicatitm  is  dun  lirincipally  to  the  initiative  of  M. 
Georgette  Duliui-sson,  commandant  of  the  yacht  of  Prince 
Napoleon,  the  Ue-im'  Hortense.  In  1867  this  yacht  was  pro- 
vided with  an  elecirir  beacon,  with  regidator,  which  lighted 
the  pathway  in  advance  of  it,  and  cnablwl  It  to  enter  at  night 
into  several  Mediterranean  ports  ttt  most  dangertms  approach 
with  as  much  ease  as  if  it  had  been  full  day. 

This  minor  triumph  of  electricity  inevitably  attracted  at- 
tention. M.  Eugene  Perelre.  engineer  of  the  Compngnie  Trans- 
atlantique,  immediately  intr<iduced  similar  apparatus  on  the 
Saiute-Laui-ent,  then  on  other  ships  of  the  same  company, 
where  it  was  fully  appreciated.  Soon  after  the  Parfait.  the 
d'Estrfees,  the  Colignr,  the  H6rt>line,  and  finally  the  Fi-ance, 
were  supplied  also  with  an  electric  light  maintained  by  an 
Alliance  machine. 

In  1870  the  Emperor's  new  yacht.  Hirondel!e»  received  in 
its  turn  a  similar  plant,  which  thereupon,  as  a  matter  of 
course,  chose  the  entrance  into  Cherbourg  for  its  trial  trip, 
where  the  ship  broke  its  cutwater  and  demolished  ila  stem  to 
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a  considerable  extent  against  the  Grande  Douane  wharf.  More 
iinjiorlanl  events  prevented  rhe  perfecting  of  this  defective 
instiillatiun.  But.  during  the  same  year,  electricity  made  a 
greater  success  upon  another  imf>erial  yaclit,  the  Greif,  be- 
longing to  the  Emperor  of  Austria.  This  yacht  entered  Vil- 
Iai>Bnca  and  several  i>orts  of  the  Mediterranean  by  night,  as 
the  Heine  Hortense  had  ah-eady  done,  and  by  night  went 
through  the  Suez  Canal,  lighting  marvelously  the  shores.  In 
1871  the  Russian  navy  also  introduced  upon  several  ships 
electric  lights  with  lenlicuhir  projectors,  which  gave  them  the 
power  of  passing  by  night  the  narrow  straits  of  the  Balric, 
of  entering  the  |>ort  of  St.  Petersburg,  and  of  performing  for- 
tunate rescues. 

What  was  then  sought  in  the  electric  light  was  a  means  of 
perceiving  the  obstacles  which  could  menace  the  ship  on  her 
course.    It  played  the  r6U  of  lantern  that  every  peasant  car- 
ries with  Iiim  at  night  to  ke':'p  him  in  the  streetsof  the  village^ 
when  thei-e  is  no  moon.    The  ciame  necessity  becomes  mora' 
pronounced  when  a  narrow  river  is  to  be  navigated  at  uight. 

In  this  connection  we  must  not  pass  over  tlie  part  taken 
by  M.  Menier  tFig.  233).  By  an  electric  light  operated  by  u 
Gramme  maclune,  driven  by  a  Brotherhood  engine,  his  yacht 
easily  passed  at  uight  thruugh  the  windings  uf  the  Maine 
and  the  Seine,  between  Paris  and  his  large  chocolate  factory 
at  Noisiel. 

This,  it  is  true,  is  an  excejitloual  case,  and  if  such  lights 
Hhoiild  be  emj)luyed  to  facilitate  the  course  uf  vessels  in  the 
darkness,  the  dazzling  ]»roduci'd  by  them  might  render  them 
m<)re  annoying  than  useful.  It  wuulJ  be  necessary  to  find  a 
means  nf  utilizing  this  light  while  avoiding  the  trouble.  It 
woidd  be  doubtless  nion-  jiracticable  to  light  up  difhcult  pas- 
sagfH  iw  a  b(>ul«var(l  is  JighttMl  up  fur  the  travel  of  vehicles. 

On  land,  the  weight  of  tlie  AUiauce  machine  made  its  use 
hi  really  active  military  ojwralions  difllcult.  But  this  did  not 
destitiy  all  hopes  of  utilizing  the  electric  light  in  war.  The 
Universal  Kxpositiou  of  18«7  had  already  proved  this.  The 
Austrian  Government  sent  to  it  large  parabolic  minora^  in 
silvej-ed  metal,  designed  to  project  the  light  of  an  electric 
lamp  placed  in  the  ftwus  of  the  paraboia.  A  number  of  de- 
signs showed  the  mihtary  applications  tliat  were  contem- 
plated. In  18fKl  Russia  had  similar  ]»lans  in  i:<mteniplation, 
whose  existence  is  only  known  to  us  by  the  purchase  of  a 
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certain  nnniber  of  Alliimfe  machines,  and  of  lenticular  pro- 
jectiii-s.  It  is  entirely  probable  that  other  powers  did  the 
same  in  secret. 

A  short  while  after,  the  Franco-German  War  of  ISTO-Tl 
gave  the  electric  light  a  clinnee  to  make  its  (lebui  ujxm  the 
field  of  battle,  under  precisely  those  ciicums lances  where  its 
xtse  was  best  nnderstood — in  a  great  siege. 

The  defenders  of  Paris  used  it  both  as  a  source  of  light 
and  as  a  means  of  telegraphic  communication  by  optical  sig- 
nals. The  lamps  were  those  of  Foucjiult  and  Serrin ;  the 
soiuve  of  electricity  was  Bunsen  batteries,  of  not  more  than 
fifty  elements,  placed  in  the  pastes  (Voctrot  all  around  the 
city.  Upon  cme  pointy  nevertheless,  near  Montmartre,  an  Al- 
liance machine  had  been  placed,  which  nalumlly  furnished  a 
much  more  energetic  current  and  consequently  a  more  in- 
tense light.  The  forts  had  also  electric  lamps,  supplied  from 
Bunsen  batteries.  Rut  the  reflectors  which  were  used  to 
direct  the  luminous  beam  were  quite  insufficient,  and  Ihe 
lights  themselves  were  not  snfficiently  powerful  ti>  light  all 
exi>ectcd  localities. 

The  electric  lights  nevertheless,  rendered  considerable  ser- 
vice ;  it  prevented  several  nocturnal  surprises,  and  revealed 
several  movements  of  the  enemy  which  would,  without  it, 
have  escaped  notice.  The  Montmartre  light,  supplied  by  the 
magneto-electric  machine,  bathed  with  its  rays  the  plateau  of 
Argentenil. 

The  Germans  used  the  electric  light  very  skillfully  to  direct 
their  battery  practice  and  keep  track  of  our  night  operations. 
They  had  machines  at  their  disposal,  and  hence  obtained 
much  more  powerful  lights  than  were  given  by  our  lamps  sup- 
plied from  Bunsen  batteries. 

The  dynamo-electric  machine  of  M.  Gramme,  invented  and 
presented  to  the  Academy  of  Sciences  at  Paris  in  1870,  could 
only  be  known  industrially  after  the  Franco-German  war. 
More  powerful  and  mnch  light+'r  than  the  Alliance  machine, 
it  was  a  source  of  electricity  much  better  adapted  to  the  ne- 
cessities of  war.  Soon  after,  the  first  Siemens  machine  ap- 
])eared  in  Germany,  which  presentetl  anal(»gou.s  advantagea. 
The  attention  of  military  engineers  was  then  again  directed 
to  Ihe  electric  light.  The  Germans  first  studied  it.  At  the 
Vniversjil  Exposition  of  Vienna  in  1873,  they  sent  large  pro- 
jection apparatus,  with  an  electric  lamp,  supplietl  by  the  first 
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Siemens  machine,  designed  by  M.  Heffner  von  Alteneck.  In 
the  Flench  se<!tion  a  new  electric  projector  was  to  be  seen, 
specially  destined  for  use  at  sea ;  but  it  belonged  to  the  do- 
main of  individual  industry  ;  it  was  the  work  of  MM.  Saotter 
and  Lemcmnipr,  the  great  light-house  buildei-s  of  Paris. 

The  Russian  nary  was  the  fii-st  to  substitute  the  Gramme 
for  the  Alliance  machines.  In  1873  and  1874,  the  Peter  the 
Great  and  the  Livadia  tried  the  new  apparatus,  with  lenticu- 
lar projectors  analogous  to  those  of  light^houses.  Tlits  appa- 
mtUH,  constructed  by  MM.  Sautter  and  Lemonnier,  gave  a  light 
of  al»out  five  hundred  cjii-cels,  and  showed  edifices  in  the  dark- 
est of  nights  three  kilometres  distant.  It  will  be  seen  how 
gppJit  was  the  progre-ss  since  1870.  The  Livadia  in  particular 
fouud  it  useful  on  more  than  one  occasion,  and  was  able  to  fol- 
low at  night  u  buoyed  channel  not  over  twenty  metres  wide. 

In  France  it  is  the  commercial  marine  that  leads  the  way 
for  th(A  national  marine  to  follow.  We  have  seen  that  in  18(S7 
M.  Eugene  Pereire  had  placed  upon  one  of  the  large  transat- 
hinttc  steamei-s,  the  Sninte-Laurent,  electric  projectors  siip- 
plieil  by  Alliance  machines.  After  first  having  attracted 
numeruis  imitators,  these  attempts  were  gradually  abandoned 
in  face  of  the  passive  i-esistance  of  old  habits.  Most  captains 
saw  in  the  new  apparatus  onlya  cambrous  luxury,  expensive, 
awkward  in  use,  and  of  doubtful  efficacy.  The  projectors 
had  sought  in  it  an  argument  for  reducing  the  rates  of  insur- 
ance against  the  accidents  of  the  sea,  because  the  clmnces  of 
collision  were  lessened.  Nararally,  the  insurance  companies 
did  not  care  to  jield  too  quickly,  and  the  projectors,  deceived 
in  their  hopes,  soon  ceased  to  impose  upon  the  captains  a 
costly  encumbrance  that  was  attended  by  no  compensation. 

The  discovery  of  the  Gramme  machine  diminishivl,  how- 
ever, the  force  of  these  objections,  as  it  placed  at  the  disposal 
of  the  marine  less  cumbrous,  much  m<ire  powerful,  and  at  the 
8;»me  time  cheajier,  machines.  M  Eugene  Pereire  again  ad- 
dressed hiioself  to  the  question,  and.  in  1870.  he  ordered  M. 
Fontaine  to  establish  the  electric  light  upon  the  transatlantic 
steamer  Am6rique. 

The  following  year,  in  1877.  the  navy  took  up  the  long  in- 
terrupted experiments.  MM.  Sanlter  and  Lemonnier  placed 
upon  the  Hichelieu  and  the  SulTrea  electric  lights  with  len- 
ticular projectors  like  those  which  had  l)een  constructed  four 
years  before  for  the  Hnasiau  navy.    Dming  this  period  the 
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army  had  been  occupied  also  with  this  investigatioii,  and  at 
the  commencement  of  this  same  year  (1877)  M.  Mangin.  colo- 
nel of  fjoif^iueers,  rdmbined  a  new  projertor  with  a  mirror  of 
a  partirniar  form,  to  which  wr  should  ^ve  a  moment^s  at- 
tention, becausH  it  is  the  only  one  adojjted  to-day  in  Ihia 
country  (France}  ftir  military  or  maritime  operations.  Ger- 
many has  rotainefl  jmrabolii-  mintir  projectoi's,  and  lenticu- 
lar prt>jeotors.  As  for  the  t'onim«i-cial  marine,  the  latter  are 
the  ones  generally  in  use. 


II.   Elkctuh'  PiiojEtrroRS  of  tiie  FRENcn  AnMT. 

The  principal  defect  of  lenticular  projectors  was  that  they 
occjwioued  a  conMJderable  loss  of  light.  Though  wastiug  It 
Ughtf  the  |)arabolic'  mirror  projectors  presented  serious  diffi'- 
oidties  of  constructiou,  and  were  easily  l>eut  out  of  sha] 
Tlie  aplanutic-mirror  pnjjeiUor  of  ('ulnnel  Mangin.  invented 
in  the  begiuuiug  of  1877,  was  designe<i  specially  to  avoid  this 
double  inconvenience. 

Spherical-siirnice  uiiriiirs  nw  much  easier  to  c<mstnict  and 
keep  intact  than  pai-abolic:  miri-ors ;  but  Ihey  do  not  bring  all 
the  lumlnouH  rays  into  paiullelisni,  so  that  there  is  a  considei 
bh'  hitei-al  dispersion  of  light  in  longdistance  i)rojeetions. 
M.  Mangin  fornieJ  his  mirnir  by  su])erimpot<i«g  two  si)herical 
surfaces  of  different  curvature.  These  two  surfaces  are  rep- 
resented in  their  ivlation  to  «uh  other  l>y  the  two  faces  of  a 
concavo-convex  lens,  whose  secoml  face — ^ihe  convex  face — is 
silvered,  and  forms  tlie  back  of  the  minxir— that  is  to  say,  the 
reflecting  surface.  The  luniinous  rays  which  fall  upon  the 
mirror  and  iire  reflet^ted  from  the  silvered  fjtce,  twice  travei-se 
the  glass,  ami  ai-e  twice  i-efracted  in  opposite  direcriona.  The 
final  result  of  these  changes  of  direction  de]>entls  upon  th€ 
ratio  of  the  lengths  of  the  radii  of  the  two  spherical  surfaces.' 
By  combining  them  In  a  suitable  manner.  Colonel  Afangin  has 
completely  abolished  what  physicists  call  si>hericn,l  al>erra- 
tion.  and  lins  .succeeded  in  bringing  all  the  rays  into  the  most, 
absolute  pamllelism. 

Tlie  projector  has  the  form  of  a  cylindrical  box.  quite" 
shoit,  of  a  diameter  of  ninety  centimetres,  whose  buck   ia 
formed  by  the  aplanetic  mirror  we  are  dea(;ribing,  a  certain 
distance  in  front  of  which  the  voltaic  arc  is  placed.     It  is  an 
arc  playing  between  two  carbons  that  are  brought  together  by 


TirE  ELECTRIC   LIGHT  IN"  WAR  AK[)  NAVIGATION.       395 

band,  by  means  of  a  thumb-Hcrew  worked  from  the  outwde. 
There  is  therefore  no  re^Iator.  This  rodimeutary  arninge- 
nient^  which  would  he  InaflmissiMe  in  any  other  case,  suits 
perfectly  cases  of  lighting  of  short  duration,  and  which  need 
no  i>arlicnlBr  steadiness.  The  carbons,  instead  of  being  ver- 
tical, are  inclined  at  an  angle  of  about  thirty  degrees ;  the 
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ex|>eriraentsof  MM.  Sautter  and  Lemonnier,  of  which  we  have 
Bpoken  in  Chapter  IV  (Pig.  93),  have  shown  that  thoy  thus 
give  a  greater  quantity  of  useful  light,  on  account  of  the  jjo- 
eition  which  the  cup  or  crater  of  the  positive  carbon  then 
opcnpies.  Finally,  an  auxiliaiy  lens,  placed  between  the  arc 
and  the  mirror,  collects  and  projects  upon  it  a  part  of  the 
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light  which  would  otherwise  escape  its  action,  and  thus  in- 
creases the  intensity  of  the  lighting;  it  mukes  p(>ssil»Ie,  in 
fact,  the  utilization  of  all  the  rays  emitted  in  an  angle  of  oue 
hundred  degi-ees.  while  the  miiTor  by  itself  would  only  util- 
ize them  within  an  angle  of  sixty-eight  degrees  (Pig.  2;J4). 

When  the  electric  light  is  placed  in  the  focus  of  the  mir- 
ror, the  pfojector  throws  out  a  very  ]>owerful  cylindrical  lu- 
minous beam,  twenty  times  more  powerful  than  with  an  ordi- 
nar^'  spherical  mirror,  but  whose  area  of  lighting  is  very 
limited.  To  rapidly  reconnoiti-e  a  suspected  ground,  it  is 
necessary  to  enlarge  this  field  of  view  by  abandoning  the 
cylindncal  Iteata,  and  by  giving  it  a  slightly  conical  foim. 
This  result  is  obtained  in  the  most  simple  manuer,  Ijy  i^mor- 
ing  the  luminous  center  from  the  focus  of  the  mhi^or  and 
placing  it  nearer  to,  or  further  from,  this  focus.  The  change 
is  quickly  cfTocted  by  a  screw  placed  fin  the  exterior.  When 
the  vollwir  an*  is  displaced  four  centimetres,  the  surface 
lighted  at  one  kilometic  ilLstanri*  increases  fmm  fifteen  square 
metres  to  one  hundred  and  fifteen,  and  at  four  kilometres  dis- 
tance the  surfa<'e  lighted  increases  to  fonr  hundi*ed  and  sixty 
wiuare  metres. 

Tlie  divei-gence  thus  obtained  is  pi-odured  in  the  direction; 
of  height,  as  well  as  in  that  of  widtb.     As  it  is  the  earth  only 
— that  is  to  say,  the  horizon — which  is  usually  tn  be  inspected, 
the  light  cast  up  in  (he  sky  is  lost  without  benefit.     To  avoidt 
this  tii>ub!e,  a  disk  of  glass  is  placed  in  front  of  the  prti- 
jc'Rtor,  which  disk  is  formed  of  a  series  of  divergent  ]ilano- 
cylindrinil  lenses,  which  spitm^l  out  horiznnbUly  the  luminous 
l»i*am  in  such  a  miinner  as  to  give  the  field  of  illuminati(m  ai 
neai'ly  rectungular  form ;  the  effect  is  the  same  an  if  tlie  lu-, 
minouH  cone  hml  hf>(*n  tlatteued  against  the  ejirth,  as  a  j)ap(>r 
comet  migbt  be.     My  this  process  divergences  of  twelve  to^ 
fifteen  degi^ees  can  Im  jittained  with  a  beam  that  <iriginally' 
had  only  two  degrei's  divergence  on  leaving  (he  rairrt>r. 

The  pn>jw((u-  is  ciimed  upon  a  smiill  carriage  (t^ig.  235) 
that  one  borse  vnn  easily  draw  about  wln^re  it  is  to  Ik-  used,  as 
its  totiU  weight  is  not  over  seven  hundred  and  fifty  kilo- 
giTiMimes.  The  appanitus  is  m<mnttMl  upon  trunnions,  and 
suspended  so  that  it  can  easily  be  turned  in  all  direclions,  and 
be  made  to  sweep  the  ground  as  easily  as  the  eye  itself. 

It  is  true  that  (his  electric  eye  has  to  be  animated  by  a 
dynamo -electric  machine,  driven  itself  by  a  st4MLm- engine 
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machine  of  the  D.  Q.  type,  whidi  gives  a  light  of  4,fKX)  narcols 
— almnfit  the  most  powerful  that  mn  Iw  pr<Mlur«d  umlcr  g<KMi 
oonHitions.  It  is  driven  directly  by  a  Krotherliood  eii^iiie, 
whirh  han  been  choHen  nimply  on  account  of  its  Ruiall  volume, 
and  lieraiis(,'  it  is  iuhipted  to  drive  tlie  dytunno-electrit;  maehine 
directly  without  the  intervention  of  pulleys  and  belts,  whose 
working  is  interfered  with  by  the  least  min.  Finally,  the 
field  bniler  haw  the  advaulage  of  ra])idly  ^ettinj,'  up  steam,  and 
of  furnbihin^  steam,  as  it  were,  as  soon  as  the  lire  is  started- 

Thus  aiT.inged,  the  MangJn  pmject^ir  Ims  a  useful  range  of 
five  or  six  kilonieti-es.  The  uunierftus  experiments  lo  which 
it  has  been  subjected  sin<'e  1878,  at  the  fortress  of  Muunt  \'a- 
lerien,  show  even  a  better  result,  because  in  fiiU  night  all  the 
details  of  the  towers  of  the  Tna-adero  t-rtuld  be  seen,  situated 
at  a  distance  of  nearly  eight  kilometres.  At  tive  kilometres 
houses,  carnages,  and  the  movements  of  aoldiere  couJd  bo 
well  distinguisiied  ;  at  tlm>e  nnd  a  half  kilnmetres  it  was  jwis- 
sible  to  count  the  dispersed  soldiers  and  to  recognize  tiicir 
occnpations. 

Tn  all  these  experimenta,  (he  observer  being  plac«'d  near 
the  luminous  s(tur(!e,  the  light  had  to  pass  twice  over  ilie 
given  space  to  return  to  him.  In  its  passage  away  from  the 
observer,  it  weakened  in  proportion  to  the  square  of  the  dis- 
tance, and.  on  its  return,  pn:iportionally  to  the  square  nf  the 
square — tlwt  is  to  say,  to  the  fourth  power  of  the  distance. 
For  instan<'e,  when  (he  object  to  be  examined  from  a  distance 
is  only  lighted  one  hundredth  as  much  as  if  it  were  near  the 
luminous  focus,  the  ob.serrer,  situate<l  near  this  focus,  will 
only  receive  a  light  of  one  millionth  this  intensity.  That 
which  diminishes  the  vlsibiiity  of  objects  is  especially  their 
distance  from  the  observer.  But  in  war  this  distance  can  be 
shortened  by  advnn<'lng  the  observers  near  the  enemy,  wliile 
the  projector  would  i-emain  behind  tinder  protection  of  the 
cannon. 

The  large  projectors  of  ninety  centimetres  are  designed 
especially  for  the  defence  of  fortified  places,  and  of  the  coast*. 
They  are  relied  on  in  following  the  movements  and  operations 
of  the  enemy.  Toward  the  middle  of  1881,  M^I.  Saut(er  and 
Lemonuier  sold  forty  to  the  French  Ooveramen(.  of  which 
ten  were  in  service  in  fortified  places,  and  thirty  on  the  coaat8. 
Eacli  of  these  apparatus,  uith  the  machines  attached  to  them 
and  their  accessories,  cost  nearly  3U,[K)0  francs. 
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For  field  service  a  somewhat  lighter  model  was  chosen, 
easier  to  transport  but  of  somewhat  less  power.  The  pro- 
jector has  two  thirds  of  lli«^  diametpr  of  the  other — only  sixty 
centimetres — and  bus  no  auxiliary  lens.  Its  ranges  does  not 
exceed  four  or  five  kilometrf.!^.  It  is  supplied  by  a  we-akvr 
Uramnie  niacliinR,  of  the  C.  Q.  type,  prc»ducin^  a  li^lit  of  2,ft(>0 
carrels  intensity.  The  Brotlierhoud  engine  and  the  Field 
boiler  are  also  of  sniuller  size,  but  the  genera!  armugement  is 
tlir  s:nne. 

The  projecJ.or-cjirriiige  cjin  lie  dniwn  by  men,  and  ha  re- 
moved from  the  engine  and  nmcliinon,'- carriage,  which  sup- 
plies the  nirrtmt,  by  paying  out  the  cahle  supplied  to  it.  A 
dozen  examples  c)f  this  lyjMian?  still  in  servire,  and  aivulittle 
lej*s  exjiensive  tliaii  the  others. 

Finally,  there  is  u  tliird  niodeL,  much  lighter,  but  also 
much  weaker,  as  its  range  liardly  attains  tlu-ee  kilometres. 
It  is  a  projector  of  forty  I'eutimetres  diameter,  witli  a  Gramme 
machine  of  only  1,600  carcels  power.  The  whole  in  this  case 
is  csuried  upon  a  single  carriage.  The  projector  is  80  light 
that  two  men  can  dismouBt  it,  carry  it  off  some  distance,  and 
place  it  in  position  on  a  movable  Imse  instead  of  the  special 
carriage,  in  this  case  dis])ensed  with.  This  third  mode!  is 
designed  for  subsidiary  Hghtiug  and  tor  the  small  forts  situ- 
ated along  our  new  frontier,  to  arrest  the  movements  of  an 
invading  army.  They  can  also  be  employed  to  project  upon 
the  clouds  luminous  Jete,  which  would  serve  as  signals,  and 
would  form  a  sort  of  special  optical  telegraph.  At  the  present 
time  the  French  army  has  only  eight  apparatus  of  this  kind. 

The  Mangin  projectors,  only  four  years  invented,  have 
never  had  a  chance  to  be  tried  on  the  hattle-tield  or  in  sieges. 
They  were  used,  however,  at  the  beginning  of  the  Tunis  expe- 
dition. The  frigate  SurveiUante  used  them  in  exploring  the 
coaafc  of  the  island  of  Tabarka,  before  disembarking  our  troops 
(Fig.  237),  and  pos.sibly  the  effect  produced  upon  the  natives 
by  this  apparition,  terrifying  to  their  eyes,  had  something  to 
do  in  facititating  the  operation. 


in.     TilK    ELhXITHIC    LlOUT  AT  SEA. 

As  wc  have  said  before,  it  is  to  M.  Eugdne  Pereire  that,  in 
France,  is  due  the  initiative  in  taking  up  again  nautical  light- 
ing in  March,  1876,  after  the  abandonment  of  the  long  triala 
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already  gone  through  by  the  Compagnie  Transatlantiqae, 
under  his  impulse,  when  the  AlUunce  machine  wna  their  only 
generat<)r.  The  new  Hystem  was  put  into  the  »teann'r  Anier- 
ique  by  M.  H.  KontJiine,  «7th  the  a-ssistamv  of  the  iiaptiiin, 
M.  PouzjUk.  We  give  the  description  in  the  words  of  M.  U. 
Fontiiine  himself  : 

"Tlie  light  is  )>Uii'ed  at  the  top  of  a  little  tower,  whirh  is 
ftBoended  by  interior  steps,  without  ttie  net^ssity  of  g^)ing  ujxm 
the  dt't'.k,  because  tile  towor  comes  over  cme  of  the  regular  com- 
panion-ways. This  nmingement  is  very  advantageous,  esjie- 
rially  in  l>iul  weather,  wlien  the  ship's  buws  are  hard  of  access 
by  tlie  l)ridg(!.  The  l<jwcr  was  originally  seven  metres  high, 
l>ut  M.  Pouzulz  made  it  two  metres  less,  Ut  give  it  muresta,- 
bility  and  lower  the  level  of  the  beam  of  light,  iso  that  now 
this  tower  rises  (ive  metres  above  the  deck.  Its  diameter  is 
one  metre,  and  it  is  placted  fonvard  (m  the  ship,  about  Itfteen 
metises  ftitin  the  bow. 

"The  lauteni  (pi-operly  so  culled)  is  made  with  glass 
prisms;  it  can  light  an  arc  of  225°,  leaving  the  ship  almost 
entirely  in  shade.  The  i-egulator,  on  tlie  Seirin  system,  is 
HusiH-nded  from  a  dial-plate.  A  small  s<'Jit  placed  in  the  t^tp 
of  till!  tower  makes  it  easy  for  the  wat4'hman  to  regulate  the 
lamp  when  in  position.  The  beum  of  light  is  about  *80  metro 
across. 

**The  Gramme  machine  which  supplies  the  light  is  of  200 
oarcels  |)ower ;  it  is  driven  direc;tly  by  a  three -cylinder  Broth- 
erhood engine,  which  retluces  the  ajmce  wcupied  by  the  two 
machines  to  1*20  metre  in  length,  and  '65  and  '60  metre  In 
breadth  and  heiglit  wspectively.  These  two  machines  are 
placed  upon  a  false  flooring  in  the  engine-room,  about  40  metres 
from  the  lantern. 

'^  All  the  wires  pass  through  the  captain's  state-room,  who 
has  under  his  hands  switches  which  enable  him  to  our.  off  at 
will  the  light  from  the  lamp  in  the  tower,  or  from  a  second 
movable  lamp— of  which  we  sliall  six'ak  further  (m^and 
all  this  without  interrupting  the  ninning  of  the  Gramme 
machine. 

**The  novelty  in  the  arrangements  of  the  Am6riquo  con- 
sists in  the  automatic  intermittence  of  the  light  in  the  tower- 
himp.  This  effect  is  obtained  by  a  very  simple  commtdator, 
placed  on  thi^  extivmiiy  of  the  arbor  of  the  Gramme  maelune, 
and  which  spnds  alternately  the  cnrrent  into  the  lamp  or  into 
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a  closed  meluUm  coil  of  the  aame  re8isl.ance  as  the  voltaic  arcs 
which  coil  Is  heated  and  cooled  altf-rnately.  Thia  arrange- 
roent  has  been  adopted  to  leave  the  Gramme  machine,  which 
always  turns  85<i  times  a  minute^  in  the  same  conditions  in 
relation  to  the  exterior  circuit.  According  to  thecalcnlatious 
of  M.  Pouzalz,  the  best  ratio  between  the  echpses  and  flashes 
of  light  is  produrefl  by  a  light  of  SO  seconds  duration  and  an 
eclipse  of  10*)  seconds. 

"The  light  is  ten  metres  above  the  sea-level, and  the  possi- 
ble range  of  the  light,  with  i-egard  to  the  depression  of  the  hori- 
zon, is  ten  geographical  miles  (]8,.'J20  metres)  for  an  observer 
whose  eye  is  six  metres  above  the  level  of  the  water. 

'•For  the  puri)ose  of  lighting  the  topsaib  and  top-galhint 
sails,  leaving  the  lower  sails  in  darkness,  M.  Pouzalz  con- 
structs a  galvanized  iron  cone,  and  places  it  over  a  movable 
lamp,  the  lai-ge  end  being  upward.  In  this  way  the  Am6rique 
could  be  seen  a  long  distance  off  by  ships  and  telegraph  sta- 
tions, when  the  cumiuauder  chose  1o  It^ave  the  light  in  action 
duiiug  the  whole  night." 

This  last  described  light,  resembling  the  "plume"  light- 
houses, can  above  all  be  of  incontestable  SHnice,  as  no  one 
can  find  any  fault  with  it.  As  much  coiUd  not  be  said  for  the 
horizontal  jirojection,  which  was  assail*fd  with  <'ri(i<'i«ms  al- 
ready made  against  the  first  electric  ligliting  of  1B(J7  to  1870. 
This  enormous  light,  it  was  said,  would  be  confounded  with 
light-houses  by  othtr  shi()s,  and  would  be  liable  to  take  tliem 
from  their  course.  Again,  its  glare  caused  the  disap]>eai-ance 
of  the  regulation  green  and  i-ed  lights,  placed  on  right  and  left 
of  each  ship  to  indicate  its  course  in  the  darkness  to  other 
vessels,  and  new  chances  of  collisiou  would  result  therefrtim. 
Finally,  it  was  said  that  the  electric  light  dazzled  the  ship's 
officei-s,  and  prevented  them  trora  seeing  obstacles  ahead  us 
well  as  they  would  have  seen  thein  without  it. 

To  these  objections  responses  were  not  wanting.  It  was 
easy  to  give  to  the  light  of  the  ships  an  altogether  different 
character  from  that  of  light-houses.  By  elevating  them  suf- 
ficiently above  the  deck,  the  starboard  and  port  lights  woiihl 
not  be  interfered  with.  Finally,  after  haring  tried  it,  thp 
captain  of  the  ship,  M.  Pouzjilz,  formally  declared  in  his 
report  that  the  light  produced  by  short  fia.<!hes  had  never 
troubled  the  sight  of  any  officer  of  the  deck,  nor  of  the  watch- 
men on  the  bow,  and  that  the  glare  of  the  side-lights,  red 
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and  green,  was  not  diminished  by  the  use  of  the  forward 
light-house. 

Another  captain,  M.  de  Bacande.  was  no  less  satisfied  than 
M.  Pouzalz,  and  a  similar  electrical  plant  was  placed  ttpon 
another  transatlantic  ship.  In  spite  of  all  this,  rontine  pre- 
vailed, and  these  two  plants  have  disappeared  after  si>me 
years' service,  as  the  others  had  done,  under  the  indifference 
of  the  captains  who  were  obliged  to  keep  them  in  oitier. 

Bnt  it  was  not  thus  in  other  countries,  where  a  certain 
number  of  steamships  possess  to-day  lighting  appai-atus  sup- 
[died  by  Gramme  machiQes ;  notably  the  i^acket-ships  of  the 
Austrian  Lloyds,  and  a  certain  number  of  English,  Danish, 
Russian,  and  other  vessels.  A  great  part  of  these  lighting- 
apparatus  are  Pi-ench  in  origin,  and  c^ime  fi-oni  the  factory  of 
MM.  Sautter  and  Lemonnier,  in  Paris.  The  Siemens  establish- 
ment, in  Berlin,  has  also  furnished  a  considerable  numbpr. 

In  spite  of  the  opposition  encountered  by  electric  appa- 
ratus in  the  commercial  marine,  it  is  i)robable  that  they  will 
soon  come  into  use,  betrause  of  the  inci-easiug  danger  of  col- 
lisions at  night,  so  dreadful  in  the  case  of  iron  ships,  that 
leave  no  floating  wreck  to  serve  jls  a  Iife-]ii-esHrver  for  the 
shiinvrecked  people.  The  sea,  which  seems  tut  vast,  is  much 
smaller  than  it  appears  so  far  as  navigation  is  couctirned,  as 
the  whole  of  its  exiranse  can  not  be  used.  It  is  furrowed  by 
actual  routes,  which  ships  from  various  motives  ait;  obliged  to 
follow  exactly,  and  which  become  at  last  iw  i'n)wded  as  a  rail- 
road when  commerce  is  very  active — fctr  example,  on  the  line 
between  Liverpool  ami  New  York.  It  is  abstjlutely  necessary, 
in  this  cast:;  that  ships,  continually  increasing  in  speed,  shall 
see  each  other  from  a  distance  to  avoitl  colliding.  It  will  soon 
be  conceded  that  the  electric  light  alone  rail  give  this  result 
in  stormy  weather,  so  freciueiit  in  the  North  Atlantic. 

Although  mote  distrustful,  and  slower  in  taking  up  the 
electric  light  than  the  merchant  umrfne,  the  French  navy  has 
been  more  faithful  to  it.  The  experiments  made  In  1877  on 
the  Suffren  and  Richelieu  quickly  brought  about  the  general 
introduction  of  proj(jctiou-api«iratus  as  a  means  at  once  of 
mintical  lighting  and  of  defense.  But  in  the  ensuing  year 
Colonel  Mangln's  projectoi-s,  invented  for  army  use,  were  sub- 
stituted for  the  lenticular  projectors  hitherto  employed,  and 
the  navy  ha.s  miarly  a  hundred  copies  of  this  partioular  ap- 
parntas. 
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On  l>oard  the  SufTren  and  Richelieu,  only  one  projector 
was  introduced,  placed  upon  the  uiptain's  bridge,  and  roUing^ 
from  port  to  starboard  upon  special  xails,  so  as  to  explore  at 
will  ni»on  either  side  of  the  vessel.  To-day  the  necessity  in 
recognized  of  lighting  when  desired  Imth  iddes  of  the  vesseL 
at  the  same  time. 

Large  aiinoreii  vessels  and  cniisere  now  require  two  pro- 
jectors for  each  one^  port  and  starboard,  at  the  ends  of  the 
captain's  bridge  or  a  little  lielow  it.  But  there  is  only  one 
elwtric  genemtor,  a  Gramme  machine,  whoso  current  ran  sup- 
ply one  or  the  other  of  the  projectors  by  the  movement  of  a 
switch  plarwl  nntlor  the  hand  of  the  captain  or  officer  of  the 
deck.  Rapid  as  this  movement  may  be.  it  is  preferable  to 
have  two  mnrhinns,  so  that  the  lighting  of  both  sides  of  the  ship 
Blmll  be  n^ully  simultaneous.  Tins  armngcmenl  is  adopted 
in  the  navy  of  other  countries,  especially  of  England,  Austria, 
Denmark,  and  Italy  :  the  two  f^ramme  marhine»s  used  are  then 
connected  so  that  both  projectors  mn  lie  lighted  at  once,  or 
their  whole  power  be  cimrentrnt^'d  upon  a  single  appjiratus. 

When  the  ship  has  only  a  single  projector,  its  prcjper  place 
is  well  forwani,  as  in  the  KuHsinn  ship,  the  Livadia.  It  would 
be  still  Ijctter  to  ciirrj'  it  upon  a  sikh^ihI  platfonn  running  out 
over  the  bow,  as  M.  Oalman  aimnged  it  upon  the  Spanish 
armored  8hii)s,  Numancia  and  Vitoria. 

Apparatus  similar  to  those  of  the  large  ships  have  been 
established  in  the  principal  ports  of  France  to  light  the  courses 
on  whirh  an  enemy's  fleet  would  approach.  AVTien  the  chan- 
nel is  two  kilometres  wide,  two  projector  at  once  are  used  to 
light  the  whole  of  it.  Most  of  the  Kurojiean  nations  have 
adopted  similar  arrangements,  and  exhaustive  experiments 
were  made  in  several  countries  iK'tween  1878  and  1881  to  ascer- 
tain the  range  and  efficacy  of  these  new  means  of  defense. 
We  shall  especially  cite  the  experiments  in  the  Oidf  of  Jotuin. 
at  Toulon,  and  Cherbourg  in  France,  those  at  Chatham  in 
England,  Tola  in  Austria,  and  Cronstadt  and  the  camp  of 
Yalkof  in  Russia,  etc. 

These  experiments  have  shown  that  with  a  powerful  and 
concentrated  Ijeam  of  light  (4,000  carcels)  persons  placed  near 
the  projectors  could  distinguish,  with  opera-glasses,  white 
houses  seven  kilometi-es  distant.  Under  similar  conditions,  a 
fort  or  war-ship  three  kilometres  distant  could  be  lighted, 
by  throtving  upon  it  a  beam  of  light  three  hundred  metres 
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wide,  when  the  embrasures  i^ulU  he  e;utily  discerned.  Finally, 
at  thif)  same  distance  of  three  kllumetrets  tlie  ivd  buoys  which 
indiriitB  it  i-hannel,  or  similar  objects,  could  l>e  made  visible. 

The  new  upjiaratiLs  were  also  well  tried  in  the  North  Sea 
during  the  Tui-co- Kiissian  war.  The  ports  of  Odessa,  Sebns- 
topol,  and  Orchakow  were  thus  secured  against  surprise  by 
the  enemy.  The  port  of  Odessa  especiallj',  supplied  with  a 
Mangin  projector,  opeRited  by  a  (Tramme  machine,  could  with 
certainty  show  at  night,  four  or  five  kilometres  distant,  large 
ships  coming  to  attack  it.  Low-bnilt  vessels,  painted  in  dark 
colors,  escaped  the  sight  for  longer  ]>eriods.  Imt  tht-y  even 
were  seen  two  kilometres  off.  The  (rerman  apparatus,  placed 
in  the  other  ports,  had  one  third  less  range. 

Great  as  their  power  may  be,  electric  piojectoi-s  would  not 
suffice  to  protect  aimored  ships  against  the  attack  of  torpedo- 
boats.  These  are,  in  fact,  very  well  couccvilcMi  under  n  general 
black  color,  which  covers  even  the  figures  of  the  sidl<irs,  aa 
they  are  di-essed  in  the  tiniversjd  black.  In  these  conditions, 
the  most  that  ran  be  Iioptni  fi>r  is  to  set;  the  turpedn-boat  live 
hundnMl  metnwaway,  iind  I  hen  il  is  too  late  toelnde  it.  The 
best  means  of  avoiding  the  daugtM-  is  to  protect  the  ships  at 
a  distance  by  steam  launches,  which  patrol  on  all  sides  like 
the  pickets  of  a  camp. 

But  to  keep  np  this  surveillance  on  all  sides,  the  launches 
need  also  eleiitric  prtjjcclors.  and  they  ciui  only  carrj'  small 
ones.  For  them  very  small  ont^  (thirty  centimetres  in  diam- 
eter) have  been  designed,  which  weigh  only  one  hundred  and 
rfxty  kilogrummes  with  their  accessories.  The  Gramme  ma- 
chine which  su]>pHes  them  can  be  driven,  on  an  emergency, 
by  four  men,  without  any  steam  motor ;  }>nt  it  must  be  un- 
derstood that  they  ore  also  provided  with  n  Hi-otherhooJ 
engine. 

In  spite  of  their  reduced  dimensions,  th^ese  apparatus  hare 
still  great  power,  for  their  range  extends  to  two  kilometres 
when  the  night  is  clear.  It  will  be  understood  that  we  8peak 
of  the  range  for  ordinary  objects,  of  light  colors  and  pretty 
large  size.  The  torpedo-boats,  painted  black,  would  only  be 
seen  some  hundreds  of  metres  distant.  Furthennore,  the 
torpedo-boats  themselves  have  a  similar  plant,  which  costs 
about  six  thousand  francs. 

The  picket-boats  and  gunboats  have  a  more  powerful  ap- 
pai'atus  that  costs  nearly  ten  thousand  francs,  and  sometimes 


they  have  two  projectors,  like  the  largH  armored  shipH,  which 
brings  np  the  exj)enHe  to  mope  timn  sixteen  thousand  francs. 

The  use  of  powerful  electric  lights  in  naval  tactics  is  far 
too  recent  far  it  to  be  known,  as  yet^  all  the  use  that  can  be 
made  of  them,  or  all  the  manoeuvres  in  which  they  can  be 
employed.  A  number  of  very  interesting  features  in  their 
operations  have,  however,  been  observed.  We  give  some  ex- 
amples : 

When  not  u***  far  otT,  the  best  method  of  discerning  an 
objeet — a  suspected  embiirkation,  for  instance— is  not  to  light 
it  flirortly.  The  light  should  rather  be  projectetl  above  it. 
Tlie  paiticles  of  water  and  of  solid  matter  always  pi-esent  in 
the  air  reflect  the  luminous  rays  upon  the  suspected  l>artj, 
and  makn  It  very  visible.  If,  on  the  other  hand,  the  beam  of 
light  falls  upon  the  sea  in  front  of  the  object  .sought  for,  it 
will  completely  disappear  from  view.  This  is  because  the 
rays  of  light  are  reflected  from  the  surface  of  the  water,  and 
form,  as  they  rise  again,  a  sort  of  luminous  veil  that  conceals 
the  object  sought  fur.  This  is  due  to  u  general  law.  The 
eye  can  not  penetrate  a  beam  of  intenst^  light.  In  this  may 
be  found  a  means  of  hiding  certain  niancenvres  from  (he 
enemy  behind  a  curtain  <if  light,  jusi  as  the  movementa  of 
troops  are  now  hidden  behind  a  ciutain  of  cavab-y. 

The  liiuiiu(m.s  ray  can  cionstitulo  for  the  enemy  a  very 
great  emt>armf*.snient,  and  ran  even  paralyze  his  movements. 
It  has  been  remarked,  in  fact,  that  a  i^rty  of  men  surprised 
suddenly  by  the  projection  uj>on  them  of  the  himinoua  beam, 
become  incapable  of  ntana;u\iing  for  some  time  at  least. 
Tliis  is  because  men  who  have  Ijeen  some  time  in  darkness  are 
blinded  by  a  sudden  light. 

The  rule  of  the  electric  light  in  optical  telegitiphy,  on  land 
or  on  sea,  must  now  be  spoken  of.  In  this  it  plays  no  part 
except  a  source  of  IntenHc  light,  and  the  mechanism  used  in 
optical  telegraphy  has  no  direct  relation  with  the  electric 
light.  In  principle,  too.  this  mechanism  is  very  simple.  It 
is  known  to  our  i-eaders  that  in  ordinary  telegraphy  the  Moi-se 
alphabet  expresses  all  the  letters  of  tho  alphabet  by  dob*  and 
dashes  variously  combined.  The  same  signals  an*  empl{)yed 
in  optical  telegraphy ;  but,  instcid  of  tracing  them  upon 
paper,  thoy  are  written  in  the  air  with  tlashe«  of  light;  the 
dot-s  are  instanlancous  flnahca,  the  lines  are  Hashes  of  lifrht 
having  a  certain  duration.     Here  it  will  i>e  seen  is  a  mecban- 
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iHTU  anaJogoQs  to  that  producing  the  signals  of  ligb^hoIlHeB. 

It  works  very  well  with  petroleum  lamps.     But,  wheu  the 

Hounre  of  light  is  more  intense,  the  range  nafcuraUy  inrreaseH 

in  pi"oportion,  which  is  of   impoi-tanee^   ewpeciaLly  in  bad 

rweather.     It  is  in  this  regard  that  the  eleetric  light  is  piirticu- 

[larly  available  in  this  application.     As  thei-e  is  iu  these  oases 

[generally  no  need  of  a  large  quantity  of  light,  in  the  army  a 

very  light  Gramme  machine,  driven  by  four  men  who  turn  a 

crank  like  that  of  a  rotary  pnmp,  is  considei-ed  ample. 

Thanks  to  the  labors  of  Cohmel  Laussedat.  to-day  director 
of  the  Conservatoire  des  Arts  et  Metiers,  in  Paris— labors  pur- 
sued subsequently  by  Colonel  Mangin — optical  telegraphy 
works  very  well  at  the  present  day  in  France.  By  means  of 
it»  it  may  be  si>ecially  noted  hem,  during  the  campaigns  of 
SuutheiTi  Omn  and  Tunis,  the  news  of  the  entry  of  military 
forces  into  the  heart,  of  the  Sahara  was  transmittetl  to  Paris 
in  a  few  hours,  several  hundred  kilometres  intervening  be- 
tween the  nearest  t-el^cra-ph  station  and  the  scene  of  opera- 
tions. Using  this  syatz-m,  a  Iwsieged  place,  siich  as  Paris  in 
1870,  could  often  com  muni  rate  over  the  hea<Ls  of  the  assail- 
ants, without  fearing  any  reveUition  of  the  dispat^'he.**  to  the 
enemy.  In  sach  a  country  as  the  Algerian  Sahara,  its  impor- 
tance is  HtiU  grentflir,  because  it  is  enough,  if  a  ccrtnin  nuiuber 
of  distant  fortitiod  pinws  are  occupied,  to  he  almost  instantly 
infoi-med  of  what  is  passing  at  the  extreme  limit  of  our  lines, 
without  attempting  the  almost  impossible  task  of  gmirding  a 
telegraphic  wire  in  the  desert. 


CHAPTER  m. 

r/HP  SIBCTHIO  UifOT  /.V  TIIR  TITEATBS. 

Although  the  electric  light  was  first  used  indastrially — 
to  any  extent,  at  least — in  lighthouses,  it  is  in  another  field, 
in  the  theater,  that  it  made  its  dehut  into  practical  life,  it  may 
t«ren  be  said  into  industrial  life,  as  it  does  not  work  there  for 
nothing.  It  appears  to  have  been  in  a  fairy  piece,  entitled 
**The  Sick  Potatoe*t,"  that  it  made  its  first  appearance  before 
the  French  pnblic ;  but  we  are  ignorant  of  the  roU  it  there 
played. 
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A  little  lat«r,  in  1846,  it  was  applied  witii  great  splendur 
in  tlie  fiimoiis  0|>era,  "Thi':  l*r()phet,"  where  it  luid  to  rt^prt-- 
sent  the  rising  sun.  The  fffra^t  of  the  rising  sim  was  iibtuintKl 
by  the  use  of  a  paralxiHc-  niiiTor  (Fig.  238),  which  brniig:ht  iill 
the  niys  into  pnnillelism,  and  projertml  a  rylindricsil  beatn  of 
light  upon  a  silkun  B(U*een,  whttre  it  pi-oductsd  jmrfectly  the 

image  of  a  disk.  The 
:ip[uii-utiis  was  made  to 
iisH  hack  of  curtains 
so  arranged  as  to  hide 
its  uiechanism  from  the 
audience,  and  thus  pro- 
iluced  the  complete  il- 
lusion of  the  sunrise. 

M.  J.  Dnbrtscq,  ihe 
ro-laborer  of  Koucault, 
was  the  fii-st  who  sui)er- 
intcnded  the  iutroduc- 
tion  of  the  elcw^tric  light 
iilKin  the  stage  of  the 
Grand  Opera  of  Paris. 
In  1855  he  was  Anally 
put  in  permanentohai^ 
of  a  service,  which  is 
.still  in  his  care,  and, 
five  years  later,  on  the 
occasion  of  the  repro- 
duction of  the  n[>era  of  *' Moses,"  he  produced  for  the  flrst 
time  a  real  rainbow. 

It  is  knowu  how  important  a  part  the  rainbow  plays  in 
this  opera,  at  the  moment  when  the  waves  of  the  Ued  Sea  are 
closing  In  beliind  the  Hebrews  to  engulf  the  pursuing  army  of 
Pharaoh.  Previous  to  this  the  rainbow  had  been  repivsentod 
by  colored  bands  of  paper  stretched  npon  a  large  blue  cloth, 
which  represents  in  the  background  the  sky  of  Egypt.  To 
make  it  appear  at  the  proper  moment,  large  lamps  are  lighted 
behind  it,  which  can  hardly  be  made  to  supply  a  light  sensi- 
bly greater  than  that  of  the  scene.  To  make  this  rainbow 
come  out,  the  general  light  has  to  be  reduced,  as  if  night 
was  coming  upon  the  scene.  The  miraele  thas  becomes  a 
little  too  great,  even  for  the  remote  ejxjch  where  i(  is  placed, 
because  the  rainbow  api>ears  in  full  night  before  spectators 


Fin.  iias.— Ai-i-iTiiLiH  ,,.,,i  in  "Tbe  Pfopbot,"  to 
fvpraMiQt  tbo  sia. 
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well  iufurinud  uf  the  fact  that  it  is  due  to  decumpoaltion  of 
the  luys  of  the  sun. 

The  eleotric  liglit  furnished  M,  J.  Dubowq  the  niejiuB  uf 
prddui^iiifj;  a  rainbow  bright  enough  to  be  neeu  with  the  scene 
fully  lighted,  and  which  iti,  moreover,  a  true  rainbow,  obtained 
by  the  ideiitiwil  processes  of  real  nature.  We  give  the  de- 
wrrijition  uf  the  apparatus  aciTuwllng  tit  M.  SaJnt-Edme : 

The  electncal  appar-atus,  whose  arc  is  supplied  by  one 
hundred  Bunsen  cuiw,  is  jilaced  upon  a  sciUTold  of  suitable 
height,  live  metis's  fi-ora  the  curtain,  and  ]>erpenilicular  to  the 
cloth  wlxich  represents  the  .sky  ui>ou  which  the  rainbow  is  to 
appear.  The  whole  optical  a]>paPd.tUH  is  fitted  for  and  kept  in 
a  blackened  box,  which  pennit^  no  light  to  escape  into  the 
air  (Fig.  230),     The  fti-st  lenses  give  a  parallel  system  of  rays, 

which  passes  next  thi-ough 
a  sci-een  with  an  opening 
in  the  shape  of  an  arc. 
This  beam  is  received  bj'  a 
double-convex  lens  of  very 
short  focus,  which  plays 
the  double  r^  of  increas- 
ing the  curvature  of  the 
image  and  of  giTing  it  a 
greater  extension.  As  they 
leave  this  laat  lens,  the 
rays  of  light  pass  through 
the  prism  airanged  to  de- 
compose them,  and  conae- 
|i^  quently  produce  the  rain- 

bow. The  position  of  the 
prism  is  not  a  matter  of 
indifference ;  its  summit 
must  be  upward,  i-eferred 
to  the  incident  beam,  with- 
out which  the  colors  of  the 
arc  woidd  not  be  displayed 
upon  the  i-eceiving  screen 
in  the  siime  order  which  folloxv  in  the  rainbow.  By  the  use 
of  tliifl  system  the  rainbow  ap[>ear8  luminous  even  when  the 
stage  is  brightly  lighted.  We  have  endeavored  to  reproduce 
its  effect  in  Fig.  240. 

The  rainbow  is  not  the  only  meteorological  phenomena 


Fl«.  939.— Appanttu  for  the  ptoduotion  of  tbo 
ninbow  oa  tho  Maua. 
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whirh  it  is  dntirable  to  reproduce  upon  the  stage*  The  storm, 
esi>eciaUy,  appears  s*)  often  in  pieces  of  all  classes  that  it  is 
important  to  know  how  to  accurately  reproduce  it. 

The  noise  of  thunder  can  easily  be  imitated  in  the  theater; 
the  "properties"  comprise  always  a  tovi-tom  and  a  she«t  of 
elastic  metal  designed  for  this  use  ;  but  what  is  not  so  easy  is 
to  produce  upon  the  stage  flashes  of  lightning  having  more 
resemblance  to  the  real. 

In  early  days,  to  imitate  the  phenomenon,  the  cloth  of  the 
back  scene  was  lighted  up  from  behind  by  a  dame  colored 


tia.  MO.— The  mlcbow  in  the  opem  of*'  IIomb.** 


red,  a  narrow,  sinuous  opening  being  made  in  the  canvas. 
The  art  of  scenery  advnucing  with  the  progress  of  science,  it 
became  necessary  to  do  better,  an<l  the  choice  of  a  source  cif 
light  naturally  fell  ujjon  the  voltaic  ar(%  whose  origis  is  iden- 
tical with  that  of  lightning.  But  more  was  necessary ;  an 
optical  ammgement  was  ret^uii-ed  which  woiUd  give  the  power 
of  emitting  and  extinguishing  the  luminous  ray  at  short  in- 
tervals, and  at  the  tujnir  time  of  giving  it  the  characteristJo 
zig-zag  movement  of  lightning.     For  this  end  M.  .1.  Duboscrq 
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had  recourse  to  a  specieN  uf  ma^c  mirror  (.Pig.  241),  iu  IVont; 
of  which  was  placed  the  electric  light. 

The  mirror  is  concave,  ami  the  hiniinous  point  coiTefijionJs 
with  its  focus.  The  upper  carbon  electrode  is  statiouary,  but 
the  lower  carlwm  can  receive  at  any  given  moment  a  move- 
ment of  sepanilion  which  lights  the  apparatus.  This  same 
effect  can  be  produced  by  electromagnotir  attraction.  As 
the  mirror  i^  held  iu  the  hand,  it  is  easy,  by  shaking  it,  and 
using  a  switch,  to  imitate  quite 

well  the  zig-zags  of  lightuing      

aud  their  sudden  apiiarition. 

The  name  of  magic  mirix^r         — -- 
has  been  given   to  this  appa-     "■-^— — 
ratus,  because  its  small  dimen-      _'.".'.  I 
sions  enable  it  to  l>e  held  by    "^^^^ 
one  of  the  actoi-s,  who  can  pro- 
duce mauy  useful  effects  with 
it,  especially   in  fairy  scenes. 
It  was  for  this  particular  end 
that  it  was  invented,  and  it  was 

shown  for  the  hrst  time  in  the  ^      [  SV 

theater  of  the  Vari6t6»,  in  Paris, 
iti  a  play  called  "The  Travels 
of  TnUh."  Wires  hidden  in 
the  sleeves  of  the  actor  con- 

,       ,     ,    .,         1      ,    -  ,  I       tin-  241.— Mtttfic  mlrrvir  for  Uib  proiluo> 

ducted  the  electnc  current,  and  n„o  ofiu-htnint  in  the  ui««». 

n  Huial!  key  placed  under  the 

actors  iin^r  lighted  the  upjMimtus.     It  is  easy  to  imagine 
the  varied  scenic  elfeirt-s  tluit  could  be  thus  produced. 

The  incidents  of  the  action,  especially  in  operas  and  fairy 
pieces,  require  sometimes  a  strong  ray  of  light  to  follow  a 
2>ersunage  through  all  his  movements.  The  ordinary  ap]>a- 
ratus  ape  too  bulky  and  hard  to  move  for  this  pupjxjse.  M.  J, 
Duboscq  has  invented  lighter  ones,  provided  with  the  neces- 

iBary  joints  to  direct  the  luminous  rays  in  all  directions,  and 

"which,  moreover,  can  be  hung  upon  the  wall. 

This  apparatus  (Pig.  342)  is  composed  of  a  wooden  or 
sheet-iron  lantern  containing  the  electric  lamp,  whose  light 
emerges  through  lenses  which  make  it  possible  to  concentrate 
all  the  rays  upon  a  single  point.  Tliis  point  can  be  enlarged 
or  contracted  at  plesisuiv  by  the  movements  of  a  special  dia- 
phragm which  limits  the  held  of  lighting. 
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ho.  S41I.— Electric  Immp  r»r  illuminitinjt 
on  Mtorin  \bv  plaj-. 


theater,  one  of  tht; 
luniinoiiH  fotiutaln. 

Wlivn  a  liquid  escapes 
from  11  vesw?I  by  a  cixcular 
orifice,  the  jet  takes  the  form 
of  n  jiiirabola  ;  nioivoi'er,  the 
liquid  vein  i.s  not  absolutely 
cylindriiiaJ ;  it  is  coatnu't«d 
at  a  |)i lint  whose  dintance 
from  the  oriiice  is  luathe- 
matically  determinable.  In 
consequeuoe  of  this,  if  a  ray 
of  light  is  directed  upon  the 
orifice  of  escape,  it  seems 
drawn  along  hy  the  liquid, 
and  follows  it  in  all  parts  of 
its  conrse. 

The  phenomenon  Ib  desig- 
nated in  oiiticR  by  the  name 
of  total  reflection ;  on  account 
of  the  curvature  of  the  liquid 
rein,  tbi-  t>eam  is  reHecle<l  at 
e*  t  of  its  course  by 


When  larger  surfaces  have  to 
be  lighted,  as  a  panel  of  a  wall 
or  the  comer  of  a  garden,  an- 
ofher  appamlus  (Fig.  241^)  is 
used,  nlso  articuliited  in  all  di- 
rections, but  whose  light  is  c«n- 
centrat*'<i  by  a  laige  enonpli  mir- 
ror of  silvered  glass  insteml  of 
a  lenn. 

We  could  cite  numt^rous  in- 
stances of  such  applii-ations  in 
well-known  oi>eni».  It  will  1m' 
enonfrh  to  repnKliipe  one  of  the 
scenes  in  the  oi>eni  nf  *•  Mofwns," 
where  the  iirincipal  personapr 
is  thns  lighted  by  the  liiniinons 
rays  (Fig.  244). 

Among   the   other  applim 
tions  of  the  electric  light  in  the 
most  nsed  and  most  apiiluiided  is   the 


Flo.  MS.— Klci-tno  l.iiii|>.   M'l'i    i,.uior,   for 
U|{lttlii|[  a  ]«ni«iilar  foittt  of  U>«  ■cone, 
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the  molectilea  which  it  met?te,  an<l^  insf4>jijl  of  pscapint;  fnmi  it 
into  s})ace,  it  is  reflectHd  (inwanl  by  the  molpculos  in  thn  din-)!:- 
tion  of  the  jet,  whirh  taketi  th«  appearanw  of  ii  jet  of  fire 
If  the  liquid  ciirvfi  be  broken,  the  pliennnienon  nf  refleclion 
ceawiH,  and  Hashes  of  lipht  play  anmnd  the  jHnnt  of  inter- 
ruption. 

The  water  is  placed  in  a  irylin<irie]il  prisnmtic  vase  of  con- 
siderable height.  The  electric  lam]>,  supplied  for  this  pur- 
pose with  a  system  uf  lighting  lenses,  la  phiced  in  front  of  an 


»  iJi»^ 


•"w*    •     . 


rV:^  4^ 


B^  M4.— SooDe  in  die  opara  oT  "  UaMt.** 


orifice  closed  by  a  pane  of  transparent  glass,  so  directed  that 
the  luminons  ray  shall  enter  the  are  of  cnrvature  forme<l  by 
the  water  jus  it  escapes.  By  pincing  colored  glasse-s  in  front  of 
the  electrical  apparatus,  the  color  of  the  jet  is  changed  at  will. 
In  ISfiU  the  first  luminous  fonntnin  wn.s  shown  in  the  opera 
at  Pari.s,  in  the  ballet  of  ''Klin  and  Mysis.'*  Kverj'  one  has 
seen,  in  the  second  act  of  *'Fanst,"  the  fountain  which  Me- 
phistopheles  caiuses  to  play,  and  whose  nature  he  sulwe- 
quently  changes.  It  works  iiiK>n  this  principle.  It  is  one  of 
the  iirst  ever  used,  and  it  bus  been  followed  by  many  others. 
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in  all  kinda  uf  thtat^rK.  They  now  make  them  mocli  •irooger 
mud  mon  beautifal.  In  t^mxd  ><p*:^taciilaT  pieces  immeiise 
csacades  an  often  iUuminated  whkh  sometimes  Call  »lmoat  in 


pM.  »&.— Upofaww  ftw 


m  aemirircle.  niiea  fnuntauLs  an^  alone  to  be  iised,  fonntaiiu 
playing  in  the  air  and  falling  l>ack  tike  ihtMe  in  oar  publio 
parka  (Rg.  345^  arp  cencrally  u.se<i. 

We  Roold  cite  many  oihtr  up]>Iiratiuns  of  the  electric  light 
to  theatrical  machinery.  Whenever  an  extn^mely  intense 
light  i<4  rcqaircd  to  obtain  a  certain  effect,  the  electric  light  Is 
called  tii>on. 

This  happem)  especially  in  the  case  of  ap|iariiions  of  spec- 
ters in  the  mid-st  (if  the  characlers  iijioii  the  stage — appari- 
tions that  alwajT*  pnxiuce  a  guod  effwt  wheu  ihey  aiv  well 
managed.  These  spectres  are  living  people,  placed  below  the 
level  of  the  stage,  generally  near  the  prompter's  box.  Th«Hr 
image  is  reflected  on  a  piece  uf  plute-gluss  placed  on  the 
stage  and  inclined  at  an  angle  of  45^.  The  clear  glass  can 
not  produce  imngea  except  by  receiving  ui^m  one  of  ita  focea 
a  much   more  powerful  light  than  on  the  other.    This  is 
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eflfected  by  Uglitta^  with  a  strong  electric  light  the  characters 
who  are  to  bectiine  spectres  in  the  glass. 

Besides  the  uses  of  the  electric  light  which  we  have 
poiufed  out  as  accessory  in  theatrical  repi-esentations,  there  is 
another  much  more  important,  and  lo  which  the  terrible  acci- 
dents which  have  recently  occurred  in  Nice  and  Vienna  give 
the  greatest  importance ;  wo  speak  of  the  snl>stitntion  of 
electric  lighting  for  gas-lighting.  Tlie  chnnccs  of  fires,  the 
Insupportable  production  of  heat  and  foul  nir,  finally,  the 
mpid  deterioration  of  all  the  decomtions,  are  serious  faults 
of  the  latter,  from  which  its  rival  is  exempt. 

Its  advantages  are  so  great,  that  it  would  doubtless  have 
been  everywhere  ad(n4erl  already,  if  this  were  tw  easy  aa 
supposed.  This  we  must  briefly  examine,  if  only  to  indi- 
cate the  way  to  follow  in  pursaing  experiments  upon  this 
subject. 

The  principal  parts  of  a  theatre  to  ho  lighted  are  the  vesti- 
bule and  mnin  stairway,  the  auditorium,  the  stiige,  and  the 
lobby.  From  the  point  of  view  of  lighting,  thfse  plaros  are 
not  as  independent  aa  might  be  aupposed  ;  a  tixed  relation 
between  them  must  be  niaintnincd,  a  ^skillful  graduation,  and 
for  this  end  a  single  system,  too  feeble  for  the  one  nntl  too 
sti-ong  for  the  other,  would  not  ansT\-er.  The  lighting  of  the 
lobby  seems  easy,  and  yet  we  have  seen  that  at  the  OjK-nL  two 
different  systems  are  needed  for  the  lobby :  a  modenitc  light 
for  the  people  promenading  there ;  powerful  lights  of  warm 
colors  to  reach  the  ceiling  and  bring  out  the  paintings,  which 
are  its  principal  ornament. 

Tlie  vestibule  and  stairs  are  easily  lighted,  and  if  adrnn- 
tnge  he  taken  of  this  to  waste  the  light,  the  other  places  near 
it  will  seem  obscure.  If  the  auditorium  be  lighted  as  brill- 
iantly as  this  place,  what  will  become  of  the  stage!  In  the 
auditorium,  the  chandelier  can  not  well  be  disj^ensed  with, 
not  only  aa  a  matter  of  decoration,  but  also  because  it  is  really 
the  neoessaiy  and  natural  radiating  point  of  the  luminous 
rays,  which  have  to  diffuse  the  neressarj'  light  under  all  the 
ceilings  of  the  different  galleries.  The  bad  effect  of  luminous 
ceilings  on  whieh  many  hopes  were  foundwl  has  not  been  for* 
gotten  ;  at  the  Opera,  the  luminoiis  circle  fornietl  by  cut-glass 
globes,  placed  in  the  cornices  and  lighted  with  electric  candles, 
has  shown  that  the  chandelier  could  l>e  assisted  by  the  for- 
mation, at  this  height,  of  a  network  of  powerful  light  which 
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Ls  ^defectively  reflected  bj  the  ceiling.    It  is  at  the  same  tit 
Tery  decorative. 

But,  assuming  all  this  to  be  settled,  the  stage  remains  to 
be  provided  for,  and  it  is  enough  to  have  examined  it  near 
at  hand  to  understand  the  iliflirulty.  Hen?  the  electric  li^fac 
must  be  more  pliant  and  obedient  than  elsewhere.  The  act- 
ual gaa  ajiparatus  are  the  fi'iiit  of  loug  study,  and  electricity 
can  only  replace  it  light  by  light,  on  the  condition  that  it  can 
accommodate  itself  to  the  graduations  un  which  all  jKiesible 
effects  dei)end. 

To  all  this  must  be  added  the  necessity  of  generating  the 
electricity,  by  the  aid  of  machines,  at  a  distance  from  the 
theatre,  which  has  already  without  this  enough  other  causes 
of  tire  and  accidents ;  the  absolute  necessity  of  oi-ganizing 
the  sen'ice  so  as  to  avoid  all  possible  chance  of  extinctions, 
accidental  or  premeditated,  or  at  the  least  to  make  them  of 
little  account  by  conlining  them  to  a  restricted  range;  and  all 
this  without  speaking  of  the  expense,  which  can  l»e  supported 
by  nntioDul,  subsidized  theatres,  but  which  would  be  l»eyond 
the  resources  t>{  others. 

The  conclusion  must  be  that  the  electric  light  and  gaH-Iight 
have  to  be  introduced  under  the  sjime  conditions.  Wli^n 
works  of  lai^e  capacity  distribute  electricity,  and  when  th« 
consumer  can  have  a  constant  and  regular  supply  and  lights 
of  all  de^'ccs  of  intensity  Avithout  extinctions  or  inctmveni- 
ences,  it  can,  in  the  natnral  coui-se  of  things,  be  intnuinced 
into  our  theatres,  which  can  not  be  expected  to  genemte  their 
lighting  current  any  more  than  it  would  Ui  snpposed  practic- 
able to  annex  a  special  gasworks  to  them. 

To  realiTe  this  improvement,  whose  nrgencj'  admits  of  no 
debate,  a  vast  nmnnnt  of  study  and  experimentation  has  to 
be  gone  through  with.  As  for  employing  the  electric  light 
as  an  auxiliary  of  gas,  this  is  a  hiiU  solution,  which  adds  the 
difficulties  of  the  one  to  the  inconveniences  of  the  other.  It 
can  only  be  tolerated  as  a  means  of  arriving  gradually  at  the 
complete  solution  of  the  varied  conditions  of  this  difficult 
programme,  which  must  be  solved  and  applied  bj'  the  man- 
agement itself. 

Outside  of  regular  theatres  property  so  called,  on  whose 
account  experiments  are  still  being  pivwecnted.  there  are  some 
of  a  much  simpler  kind,  and  for  wliich  the  electric  light  can 
furnish  at  The  present  time  a  light  .superior  to  and  much 
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cheaper  than  that  of  gas.  \Vn  sliall  cite,  as  example,  the 
phmt  wliit'h  has  worketl  for  two  years  at  the  Hippodrome  of 
Paris  (Fig.  57).  This  immense  hall,  whose  area  is  6,300 
square  metres,  and  which  holds  8,000  spectators,  is  lighted 
by  the  aid  of  two  systtiins,  twenty  voltaic  arc-lamps,  and  one 
hundred  and  twenty  Jablochkoff  candles.  The  first  light  the 
ring ;  the  othere  are  arranged  in  two  lines  on  the  curumfer- 
ence  of  the  hall,  and  in  fom*  groups  around  the  eoliunne 
that  snstain  the  edifice.  Two  steam-engines  of  one  hundred 
horsepower  drive  four  gi'amme  machines  of  twenty  Jabloch- 
koff candles,  twenty  gramme  machines  of  the  factory  tj'jie, 
and  one  sixty-candle  machine,  the  most  powerful  of  this  kind 
that  has  ever  been  built.  The  cost  of  the  plant  has  been  put 
at  2(K),0<Xl  francs  in  round  figures.,  and  the  expense  per  night 
at  320  fi-anca  for  a  light  equivalent  to  ]2,(KK)  carcels.  Gas 
would  cost  for  the  same  light  1,200  to  1,SU0  fnmcs. 


CHAPTER  IT. 


ISDUSTUIAL  AfPUCATSOSS. 


We  have  now  reached  the  most  important  question — as 
much  irom  oui*  point  of  view  as  consumei-s  as  from  that  of 
the  development  of  this  new  application  of  science,  to  which 
80  much  energy  and  money  have  been  devoted — its  use  in  gen- 
eral lighting,  concurrently  with  the  other  methods  of  light- 
ing of  which  we  have  already  sjwken,  and  which,  we  must  not 
cease  asserting,  hare  much  more  to  gain  than  to  lose  by  its 
general  introduction. 

We  are,  fortunately,  not  obliged  to  speak  of  its  good  quali- 
ties. The  Klectrical  Exhibition  at  Paris  has  succeeded  be- 
yond doubt  in  proving  to  the  mi>st  incredulous  wliat  marvcl- 
tius  resources  it  places  in  our  hands,  and  what  a  varying 
amount  of  cjindle-jKiwer  we  can  obtain  fnjm  it,  ranging  from 
two  or  three  candles  to  several  thoutuinds  of  carcels  if  neces- 
sjiry.  Stwidincss,  colomtifm,  division  of  the  lights  all  has 
been  i-ealized  ;  it  is  easy  to  seliMrt  lights  the  most  ajipropriate 
fur  the  conditions  to  be  filled,  and  only  the  question  of  ex- 
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pense  has  to  be  thought  of.  It  is  tma  that  this  last  consid- 
eration ia  a  most  important  one,  and,  willumt  ivj^jinl  to  the 
sx>ecial  qualities  of  the  electric  light,  wc  might  say  of  its  su- 
periority over  other  systems,  it  is  deairalile  that  economy 
should  be  added  thereto — it  is  necessary,  in  a  word,  tliat  it 
ehoiild  be  boih  better  and  clieaper. 

Unfortunately,  the  electric  light  does  not  come  within  ordi- 
narj' conditions;  we  have  not  got  clectririly  iit  our  dispuKai 
like  gas,  which  pn^sents  itself  at  our  liund  without  our  need- 
ing to  give  a  thought  to  its  pnKlurtion.  This  may  be  in  the 
near  future — it  will  come  eventually  ;  on  that  day  eleeirieiry 
will  have  to  be  used ;  all  discHssi(m  will  eease.  Meanwhile, 
to  have  the  light,  the  eleetririty  must  be  generated  by  the 
consumer ;  the  expense  of  establishment,  of  maintenanoe,  and 
the  sinking  fund,  must  l>e  advaucwl.  All  this  becomes  an 
element  of  much  importance  in  computing  the  coatot  supply 
— an  element  which,  in  the  ciise  of  gas,  is  comjirised  in  the 
selling  price,  and  which  does  not  weigh  heavily  on  the  con- 
sumer, as  it  is  spread  over  an  enormous  total  of  sales.  The 
importance  of  this  element  is  naturally  proportional  lo  the 
number  of  hours  of  lighting.  This  is  not  much  for  cases 
where  it  is  needed  by  day  and  by  night,  as  in  certain  facto- 
ries and  some  departments  of  railroad  wr)rk  ;  It  is  a  burden 
upon  a  business  that  only  needs  artificial  light  durinjg  the 
evenings.  In  spite  of  this,  the  electric  light,  judiciously  used, 
ia  even  now,  in  many  circumstances,  more  economical  than 
gas,  not  only  at  the  high  price  jiaid  for  it  in  Paris,  but  evea 
at  the  reduced  price  given  to  the  municipalities  and  railroad 
companies,  and  even  at  the  still  lower  price  that  gas  is  sold 
at  in  coal-producing  regions. 

Since  the  year  18oC,  when  experiments  with  the  electric 
light  were  lirst  begun— on  the  one  hand,  with  the  old  batter- 
ies, nnd  on  Ihe  other  hand  with  the  Alliance  machine,  then 
making  its  debut — the  price  of  this  light  luis  continually  di- 
minishf-d. 

In  the  experiments  made  in  Lyons,  in  1857.  by  AIM. 
lacasKigne  and  TWers,  a  light  of  about  fifty  cairels.  pro- 
duced by  sixty  Bunsen  cups,  cost,  according  to  M.  BecqnerH, 
three  francs  ftfty-tive  centimes  per  hour;  this  is  about  what  it 
would  cost  to-day  with  this  mode  of  production.  According 
to  exi)erimenls  made  in  the  Conservatoire  des  Arts  et  Mtliers 
with  the  Alliance  machine,  in  ItioO,  M.  Leroux  found  as  the 
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cost  of  lOOcaroels  light,  the  figure  four  francs  thirty  cencimes; 
thia  cost  refers  to  a  lighting  of  500  hours  per  annum,  and  we 
can  see  now  the  intluence  of  the  number  of  houi-s  in  the 
figures  found  by  M.  lieyniiiul  for  a  ninohine  of  the  same  sys- 
tem used  in  light-houses.  The  cost  of  maintaining  a  light  of 
230  carcels  is  reduced  to  one  franc  ten  centimes  per  hour. 

With  the  Gnimme  machine  the  i>rice  falls  still  lower.  A 
light  of  150  canals,  used  for  a  lighting  of  6U0  honrs  per  an- 
num, docs  not  cost  more,  according  1o  figures  obtained  liy  M. 
Fontaine  from  its  first  applications  to  use,  than  one  franc 
ninety-two  centimes.  In  the  factory  of  M.  Manchon,  this  cost 
descends  to  one  franc  twenty-three  centimes,  and,  accoi'ding 
to  M.  Piroii,  in  another  plant  to  ninety-two  centimes. 

The  dinsion  of  the  light  was  not  yet  perfected,  and  a 
special  machine  was  needed  for  each  light ;  nevertheless,  re- 
markable results  were  obtained  by  a  plant  set  up  in  1876  by 
the  I^^orthern  Kailroad  Company  for  lighting  its  freight  depot, 
and  the  princiiMil  figures  of  which  have  been  published  by 
M.  Sartiaux. 

A  room  seventy  metres  square  and  eight  metres  high,  a 
shed  seventy  by  tlfteen  metres,  of  the  same  height,  and  a 
court  twenty  metres  square,  separating  the  room  from  the 
shed,  had  to  be  lighted.  A  complete  small  plant  was  erected, 
including  the  house  and  motor,  with  counter-shafting,  six 
Gramme  macliines,  five  working  and  one  in  reser^'e.  The  cost 
of  establishment  was  as  follows: 

Shi^d  area,  fort^  sqatro  metres  (450  eqaare  feet).  3,S00  fraocs  ($440) 
fitniotnro  iipinn  which  to  nionnt  tlie  nx  djnnino 

inacbiDPs,  countor-abafting,  ct* 8,400  TranM  ($1,680) 

Cunductunt,  triHturisI,  and  IuIi't,  for  n  itius.n  i)i8> 

tani'^  of  eiKbty  metres  (2fi3'i  feet)  from  dyna- 

moA  U)  lampfl 700  francs  (|I40) 

Engine  »d<1  boilvr  of  t«n  tionie-pairer,  wiU)  a  u- 

pacUf  of  Sfteea  at  vevi,  iududlDn:  »ettiDg  In 

plaoo 9,800 fk-itDcs(tl,frSO) 

8ix  OrARiTTKi  mucliiaM  lit  I,fi0n  (ran4!A  each 9.000 fnnos ($1,800] 

Bix  Serrin  re^ilnlont  nt  4fil)  francM  <vtch 3, TOD  franc.4   ($540) 

Fiv«  lantcriiK,  with  pnlle>9  and  cliainB. AOO  francB   ($100) 

Vnrioua  otbor  iloms .^ 3,200  franvo  ($440) 

Total 35,{>00  (Vanes  ($7,100) 

interest  for  this  amount  and  depreciation,  at  ten  per 
cent,  for  3ii5  days,  and  an  average  ten  hours  daily  operation 
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of  the  plant,  represent  '243  franc  (4-86  cents)  per  lump  iter 
hour. 

Tlie  first  trials  Iwgnn  with  four  mnrhines  and  fonr  lumps 
only.    Under  these  eontlitions,  the  daily  expeuse  was  as  follows : 

OoaI,  400  kiloigrftmTnes  (880  poands)  at 

25  fran«  (%&)  por  ton 10  frunca  00  wDtimc*  (|2.00) 

ICiiMlllQK  wood 00      *'      15        "       {    .09) 

llMbnnic  at  M  oenLitnca  OOf)  per  hciiir,  05      "00        "       (  1-00) 

Lubricntimr-oil 00      **      80        "        (    .10) 

CarWo  t'k-clrwi!i»,  at  1  truuv  BO  cviittntvv 
(30  centy)  per  nivtm  (9-S8  Tevt),  4  lofflpt 
burning  lUhuarsnt  lOcuulimetreiiper 

lamp  Kr  boar ua      "      00        "       (1.20) 

(ThPM  win*  nIoH  Mrbona,  9  idIIIIiiimm* 
<A  iDThi  ibifk  UHl  n  B»tlni«irM  ilH  l^bM)- 
k>ur.    Ttkt^v  butcd  St  bann,  WMto  locluilod.) 

Oao  f»r  liglit'mg  lli«  macbbvruuio....  00      "      80        "       <    .00) 

Total  per  diij it  fnnca  23  ccnlimee  (£4.40) 

Or  por  lamp  per  honr S&.6        "        (    .XI) 

lolerett  nnd  de|>re<!iAlion,  ai  nljove d4.&         "        (     .05) 

Cost  of  Ht^LiC  pvrJauip  yet  boor 79.0  ocaUmcs  (^.10) 

The  lights  are  placed  fonr  and  a  half  metres  high,  and  the 
lightmg  is  sufficient  within  a  radius  of  thirty-five  to  forty 
metres;  the  lanterns  are  one  metre  in  height  and  '60  metre 
wide :  to  avoid  the  dazzling,  the  glasses  are  partly  painti'd 
over  with  zinc-white.  The  lantern  placed  in  the  court  is  pi-c>- 
vided  with  double  glasses  to  prevent  bre:ikage  hy  cold  or  rain. 
The  ceiling  and  walls  of  the  room  are  whitewashed,  so  as  to 
reflect  the  light. 

This  light  takes  the  place  of  twenty-one  gas-burners,  bnm- 
ing  120  litres  (4-2  cubic  feet)  each,  and  the  hand-lamps  whirh 
the  baggage-agents  had  to  carry  to  find  the  packages^  decipher 
the  addre~sHi?s,  and  read  the  address  labels.  It  has  reduced 
considerably  the  errors  in  direction  and  delays  resulting  then*- 
from,  the  damages  caused  by  the  hauling  of  goods,  and  tlie 
consequent  indemnities  of  aJl  kinds  that  the  company  were 
obliged  to  pay. 

The  weight  of  baggage  moved  during  the  day  per  man  por 
hour  was  850  kil(»gnimme.s;  at  night  it  was  only  fiiJO  kilo- 
grammes with  gaslight ;  with  the  electric  light  it  rnme  to 
680  kilogrammes.  Fifty-five  gns-buraers  woidd  have  been 
required  to  attain  the  same  result. 
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If  in  this  cxnmple  the  price  of  plant  is  a  little  high,  on 
the  otlicr  hand  fuel  costs  the  Northern  C'ompaay  much  less 
than  it  does  individual  consumers.  Assuming  that  a  five-light 
Gramme  machine  was  used,  costing  %Si)V  I'nncs.  Gramme 
regulators  costing  only  4iM.>  francs  each,  and  Carre's  carbons ; 
and  also  assuming  that  fuel  cost  forty  francs  a  ton,  the  work- 
man sixty  centimes  per  hour,  the  result  attained  is  about 
18,iw>0  francs  for  the  plant,,  and  twelve  centimes  for  interest 
and  depreciation.  The  expense  per  hour  comes  to  G7'5  cen- 
times, ^vliicb,  with  the  preceding  figure  of  twelve  centimes, 
gives  79  5  centimes  for  the  i>rice  i>er  lamp  j^er  hour  that  such 
a  system  of  lighting  would  cost  an  oixlinary  factory.  It  is 
clear  that  a  special  building  need  not  always  be  constructed, 
and  that  the  motive  power  «m  often  be  taken  from  a  more 
IKjwerful  engine  already  driving  other  machines  in  a  factory. 
This  will  diminish  the  expense  gi-eatly. 

The  Paris,  Lyons,  and  Mediterranean  Railroad,  which  in 
Septeml>er,  1H7U,  exjH'riniented  with  ele<'tric  lighting  with  t!ie 
Lontin  Company's  apiKiralus,  aIfM>  decided  U>  adopt  this  sys- 
tem for  the  baggage-room  of  the  fast-freight  department. 
But,  iii.sti'ad  uf  undertaking  to  pniduce  the  electricity  itself, 
it  madt^  an  arningemeni  with  the  Ijimtin  CtimiKvny  to  furnish 
it  light  at  a  fixed  price  of  fifty  centimes  jier  hour  and  per 
lamp.  The  rnnipnny  has  published  the  following  report  of 
thislighliug  tKig.  •J4((): 

The  plant  comprises  eighteen  lamps,  fnrniing  six  series  of 
three  regulators  esirli,  of  which  six  are  iinuseil  during  such 
tintes  a.a  the  service  is  most  restricte<l,  juid  lighttMl  at  the  mo- 
ment when  it  again  becomes  active.  A  perceptible  economy 
results,  but  its  amount  haa  nut  yet  been  accurately  deter- 
mined. 

The  coat  of  plant  is  thus  ^iven : 

Steam  fng) no  of  15  bonto-power,  witli  capacity 

or'SOal  nepd 10,00(1  frnnr*  (^93,000) 

Blijlttinji.  ii«II«,TB.  twllinff.  watCT-piiJW,  etc....     1.600  '■  (      300) 

Dj^aamo-elccti'ic  inacbiucs(I<oi:.tm  sj'Ftein)....  15,000  **  (8,000) 

Cnbles,  nbaat 7,600  "  (  l,600> 

Minotecn  Mennnoe  re^fnluton  (one  for  intcr- 

chnngv) T.BOO  "  (  ifiSO) 

Liijil«rii«,  fiisix-odintr  apportttiu,  oad  otbor  ao- 

ocuoties MflO  "  (  I,0fi0) 

Total 47,000     "     ($fl,400> 
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The  interent  and  dejtrecmliun  on  this  amount,  at  ten  pet- 
cent  fur  4,000  hours  lighting  yter  annum,  cume  to  1*173  franc 
[MT  hour. 

The  items  of  cost  of  running  pin*  hour  are : 

Coal  Tor  the  boilers,  kiodlinp;  inclnded,  40 

kiluffrntDtnett  (tl8  puuuds),  ut  40  fninc!) 

($0)  per  toD 1  franc  60   cenilmcs  (|0.S$) 

Ciirbi)Ti»for  T.hcliitnp«,  1-7  nwiiVJi I      "    5(1         *'         (     .81) 

Oil  sntl  minor  expeiisM 0      "     80        "         (     .18) 

Wages  ol'  ivfo  wi>rkni«D  tar  niuning  iha 

nachines.  tnking  care  of  and  watoblng 

tbe  lainpa,  and,  in  winter,  the  wttgtt  of 

a  third  workman  in  lliv  duytirao 1     "SO        "        (     .30) 

6     "    45        "  (Jl.Otf) 

lalorcAt  and  (lo{>reciatioii,  w  bI)ov« I     ''     17^      "         (     --^i) 

Total 0     ••    6H      "  (ll.SSi) 

Or  per  hour  nml  per  larnji,  34*0  centinies. 

8«nietlung  must  l«?  added  (or  general  expenses  and  main- 
teuauce;  !)ut,  as  the  fuel  is  fui'iiiahed  hy  the  railroad  com- 
IKiny  at  a  lower  price  than  that  given  above,  a  compensating 
Bnvlng  will  Ih(  found  in  it.  The  interest  on  ihe  eost  of  i>Iant 
and  dcp!Hi(uatH)n  represent,  in  this  must  favomble  (•ase,  more 
than  one  iiftti  of  the  working  exiM'nsi's. 

This  system  is  also  used  in  the  Marseilles  passenger  depot 
and  baf^age  departments.  The  lighting  of  the  Paris  dejiot 
has  just  bt>en  extended  Ut  all  the  depaitments  of  tlie  depot ; 
tlie  nural>erof  lights  has  btum  increase*!  to  fifty-four,  and  the 
high-power  gus-lmmera,  which  had  lieen  experimented  «ith, 
have  l>een  abandoned. 

Lighting-plants  of  the  same  rharaoter  liave  been  estab- 
lished abroad,  always  with  voltaic  are  lam])S,  wldch  the  height 
of  the  biuldings  required  to  be  plared  at  a  sufficient  elevation, 
so  that  a  single  lump  can  light  from  1,(J00  to  l,oOO  square 
metres. 

At  the  Kinu;'s-Crf>ss  Station  of  the  Great  Xorthcm  11011- 
rt>ad,  in  England,  two  covered  sheds,  265  nietifs  long  by  32 
metres  wide,  and  a  cab-stand  near  the  quay,  are  liglited  by 
fourteen  Crompton  lamps,  supplierl  hy  five  Bui^n  chniamcv 
eleciric  machuies.  Tbe  exi>enditure  of  motive-power  is 
reckoned  at  twenty-nine  horse-power;  the  twelve  interior 
lamps  require  a  horse-power  and  a  half  each  ;  the  lamps  are 
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di  metres  liigh,  and  nlx)ut  30  metres  apart ;  the  three  strong* 
lamps,  placed  on  the  outer /a<w«^,  us©  three  horse-jx>wer 
each ;  they  are  placed  at  a  height  of  2(>  metres,  and  their 
Uluminating  power  is  equal  to  six  hundred  carcels. 

At  St.  Enoch  Station  six  Crompton  lamps  are  used,  sup- 
plied by  six  Gramme  machines. 

The  cost  of  working  is  about  forty  centimes  (eight  cents) 
per  hour  and  per  lamp,  exclnsive  of  the  interest  on  the 
investment  and  depreciation,  wliich  it^ms  we  are  not  in 
possession  of.  We  only  know  tliat  the  eight-light  Bdrgin 
machine  costs  about  ten  thousand  francs. 


n. 

For  lighting  large  areas,  then,  the  voltaic  arc  lamps  are 
the  most  economical,  and  in  this  category  must  be  put  open 
yards,  workshops,  and  even  the  quays  and  docks. 

In  tlie  workshops  «f  MM.  Suiitler  and  Lcmounier,  wliich  we 
have  already  cited.  Fig.  2.32,  lliii^  electric  lights  of  one  hun- 
dred and  lifty  caicels,  supplied  each  one  by  a  Gramme  ma- 
chine, give  a  far  superior  light  lo  that  of  the  gas  which  tlu*y 
have  replaced.  Each  machine  uses  two  horse-power,  tuken 
from  the  steam-engine  of  the  works.  The  consumption  of 
cai'bous  is  seven  ceulimetivs  jmt  hniir  and  |mm*  lamp. 

M.  Menier  lias  had  the  electric  light  since  ISTii  in  all  his 
factories.  lie  uses  fourteen  lumps  of  one  hundred  and  Hfty 
carcels.  Eju-h  regulator  is  suspended  by  nii-ans  of  a  single 
special  cable  and  wiudlass,  which  very  luippily  solves  the 
problem  of  access  to  the  lam])S,  and  jjenuits  Ihcm  to  be  placed 
at  the  suitable  lieight.  The  cable  contains  two  conductors, 
one  annular  aud  enveloping  the  other,  with  the  necessary  in- 
sulation; this  calile  is,  nevertheless,  sufficiently  pliable  to 
wind  up  without  difficulty  on  (he  drum  of  the  windlass. 

The  setting-up  shop  of  the  machine  works  of  MM.  Thomas 
and  Powell,  at  Rouen.  40  by  13  meters,  is  Hghted  with  two 
Gramme  machines  and  two  Si'rrin  reg?ila(ors,  placed  8  metres 
high,  representing  200  square  metres  per  lamp.  The  plaut 
cost  5,(KX)  fmncs.  and  the  daily  expense  Is  '98  franc.  The  mo- 
tive power  expended,  reckoned  at  five  horse-power,  is  derived 
from  a  large  engine,  only  using  1  -50  kilometre  per  horse-power 
I>er  hour ;  thus  it  only  costs  "IS  franc  jier  hour. 

It  is  clear  what  services  the  electric  light  can  render  in  the 
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case  of  oiit-(loor  bnilding  operations ;  it  htis  been  thus  em- 
ployed from  the  beginning,  even  when  there  was  no  other 
source  than  batteries.  It  was  fii-st  tisetl  iit  the  bridge  of 
Xotre-Darae.  A  little  later,  the  Ifoithem  JSpanish  HaUixukd 
used,  in  the  Guadarrama  excavations,  twenty  electric  liglita 
during  y,417  hours.  They  were  supplied  by  batteries,  and 
the  expense  per  hour  and  per  lamp  ixjse  as  high  us  2'90  francs. 
Since  tM8  epoch,  on  account  of  the  introduction  of  machines, 
it  has  met  with  uumeixms  applications.     It  was  by  the  assist- 


ance  of  the  ele<'tric  light  that  the  buihlings  of  the  Universal 
Exhibition  of  1878  were  completed  by  the  date  assigned. 

Figs.  247  and  248  show  how  these  applications  are  gener- 
ally arranged. 

The  operations  of  M.  Jeanne  Deslandes  for  the  improve- 
ment of  the  outer  harbor  of  Havre  receive<l  sufficient  light 
from  two  voltaic  arc  lamps  of  five  hundred  carcels  each,  to 
enable  one  hundred  and  fifty  workmen  to  work  without  dif- 
ficulty, and,  more  recently  in  Paris,  the  foundations  of  the 
Credit  Lyonnais  building  were  laid  by  the  light  of  eighteen 
electric  lamps. 
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The  honse  of  Sautter  and  Lemonnier  canstnict  for  tbls 
out-door  ilhiminaHon  special  movable  apparjitiis,  consisting  of 
a  steam  Ixjiler,  a  Brotherhood  engine,  and  a  Gramme  mnrhine. 
The  price  Is  six  thousand  live  hundred  litincs  f»>r  n  single- 
lamp  api«irarns,  and  nine  thousand  fmncs  for  a  two-lamp  one. 

Other  analopons  systems  have  been  airanged  by  M.  Al- 
baret,  of  Uancourt,  fur  the  employment  of  the  electric  light 


iK^. 


Fm.  SH9.— EleLtric  llgbting  of  the  work  oil  thi-  Kdi)  bridge. 

in  agricnltitral  operations  (Pig.  248).  In  this  case,  a  single 
lamp  may  be  considei-ed  sufficient  for  working  in  a  ludius  of 
one  hundred  metres. 

in  January,  188(1,  when  the  city  of  Havre  decided  to  intro- 
duce the  electric  light  with  Jablochkoff  candles,  as  descrilh-d 
in  a  preceding  chapter,  the  chamber  of  commerce  of  Rouen 
carried  on  a  more  complete  series  of  experimentH;  they  de- 
sired to  have  a  light  ]>owei'fiil  enough  to  permit  ships  to  dis- 
cliarge,  loatl,  and  equip  at  night-time;  it  also  was  to  facili- 
tale  the  watching  at  night  of  the  merchandisn  on  the  qimys. 

Three  .systeniM  were  tried  simultaneously — tlie  Jabli>chkoff 
candles,  the  high  candle-power  lamps  of  Siemens,  and  of  Ssmt- 
terand  Lemonnier.    The  "Bulletin  da  la  Suci^telndustnelle" 
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of  Rcmen  published,  in  1881,  very  interesting  figures  on  the 
result  of  UiLs  trial. 

Tlius,  tiikin^  us  the  niinimiim  illnniinn1i<in  tit  the  limit  of 
the  aivu  of  jietiou  of  each  lamjt  tliat  given  Ijj-  a  rare^;!  lump 
at  a  distance  of  three  an<l  ii  half  metres,  and  a-Msuniing  the 
lamps  to  be  placed  on  a  single  line  three  thotisiatl  two  hiin- 
dred  and  tifty  metres  lung,  the  following  c<niiparalive  Iigiirea 
were  obtained : 
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If  th«  Jablochkoff  candle  be  reckoned  at  1*6  franc  per 
metre,  polar  carbons  at  2*10  francs  per  metre,  and  a  horse- 
jxiwer  at  "1  frano  per  hour,  the  following  figures,  per  hour 
and  per  hectare,  lighted  under  the  coEditions  given  aboTe. 
are  obtained ; 
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Tliu  end  which  it  was  proposed  to  attain  in  these  experi- 
mentH  placed  them  under  different  t^nditiuna  from  those  of 
ordinary  lighting  of  x>ubUc  streets,  of  which  we  shall  soon  see 
other  examples. 

ra. 

The  Siemens  lamps  itsed  in  the  Houen  experiments  are  of 
a  special  large-lamp  model,  called  '*  clock-lamps."  We  have 
seen  that,  for  ordinary  lighting,  MM.  Siemens  use  differential 
Urnijis,  giving  intensities  of  twenty-eight  to  fifty  carcele,  ac- 
cording to  the  numl)er  of  lamx>s  plaijed  in  each  circuit.    We 


IN1>USTRIAL  APPLICATIONS. 


4S9 


IV. 

Prom  the  point  of  virw  of  economy,  the  arrangements 
adoptiid  for  best  utilizing  the  light  of  );Ie<'trin  lumps  are  of 
the  ^rentest  inijiDrtaiice.  One  of  the  greiit  advantages  of 
pimcrfiil  lights  is  that  they  can  be  placed  vorj*  high,  and 
then  not  re^piii-u  tlie  use  of  ground  or  o]kJ  glolies.  It  is 
enough  in  sncJi  a  ras*.',  to  obtain  the  raoat  effective  i-eswlts, 
to  lotlert  (owanl  the  surface  to  be  lightiKl  the  rays  sent 
up  above  the  lamp.  Very  large  Hut  rc^Uw^tors,  or  sliglitly 
concave  ones,  place<l  above  the  lamps,  as  was  done  in  the 
Lyons  Railway  dej»>t  in  1877,  and  as  M.  Jaspar  used  them 
with  much  success  in  tlie  Electrical  Kxhibitiun  in  Paris, 
ai-e  at  once  the  simplest  and  the  best.  When  it  is  possi- 
ble, as  in  this  last  case,  t<t  hide  completely  the  luminous  arc, 
using  only  the  retlectlon,  the  mi»st  siilisfaciory  results  ai-e 
obtained. 

The  luminous  ceiling,  biti-oduced  in  1877  by  M.  Fon- 
taine, in  one  of  the  halls  of  the  Ltiuvre  stores  in  Paris,  is 
an  interesting  example  of  this  mode  of  lighting  by  rellec- 
don.  The  central  part  of  the  ceiling  ^**as  rephiced  by  a 
'large,  nnsilvered  glass,  above  which  was  placed  the  regu- 
lator and  its  reflector.  Tliis  last  was  formed  of  an  inverted 
frustum  of  a  pyramid,  whose  four  faces  were  coated  with 
tin,  witli  a  suitable  arrangement  for  introducing  and  remov- 
ing the  i-egulator. 

When  the  ceiling  can  be  employed  as  reflector,  there  are 
no  difficulties,  and  M.  Fontaine  has  already  used  it  with  suc- 
cess in  the  thread-mill  of  Mme,  Dien,  of  Baonrs  (Somme), 
and  at  M.  Menier*s  establiahment  at  NoisicL  But,  when  there 
Is  no  ceiling,  as  in  many  workshops,  or  when  the  ceiling  is  of 
glass  and  serves  for  daylight  to  pass  tlirough,  other  means 
must  be  adopted. 

The  flat,  circular  reflectors,  of  which  we  have  spoken,  are 
limited  in  their  dimensions,  and  they  luae  a  great  part  of  the 
rays  sent  up  above  the  lamp.  M.  Boulard  thought  of  sub- 
stituting for  them  a  reflector  with  a  series  of  round  plates, 
whose  width  and  distance  between  the  plates  are  so  graduate 
that  all  the  rays  are  reflected  yet  none  of  them  are  inter- 
cepted. These  plates,  or  blinds  as  they  may  l«  callftd,  only 
descend  to  the  level  of  the  lamp  ;  below  it  they  would  Iw  use- 
less, because  the  luminous  rays  naturally  distribute  them- 
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■elves.  It  is,  moreover,  important  for  aU  refloctors  to  only 
use  for  reflt*r(ion  their  lower  sarfnces,  which  are  not  ex- 
posed to  obscuration  by  dust.  They  mu«t  nut,  either,  be  so 
inclined  as  to  present  dnzzling  surfaces,  insupportable  to  Che 
eye. 

In  ordinary  lighting,  the  plates  are  of  metal.  Fig.  250 
shows  the  arrangement  of  one  of  these  reflectors  with  a  hori- 
zontal Mersanne  r**^nIntor. 

When  it  is  desired  to  avoid  the  line  of  shadow  produced 
at  the  limit  of  action  of  the  reflector  npon  the  neighboring 
snrfaceft,  such  as  the  fa(;?ades  of  houses  or  monuueiitts  the 
plates  are  formed  of  opaline  glass,  and  so  adjusted  as  tu  per- 
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mit  a  part  of  the  light  to  pass  through.  The  useful  effect  of 
a  city  lantern  thus  jirovided  has  been  found  far  9up<Tior  to 
that  of  all  other  systwnia  of  dltTusion.  The  loss  of  light  does 
not  exceed  ten  per  cent. 
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Tn  addition  to  those  rt'^ilntoi-  .systems,  powerful  wntera 
(it  light  can  Ite  obtained  with  tlin  Hun  lump  ;  in  this  system, 
more  facility  for  incnmsing  or  diminishing  tho  light  nt  will 
is  found,  in  rhang;ing  the  intensity  of  the  vMvrent  siipplj'ing 
them. 

In  68tjmuting  the  fxwt  of  installation,  nllowanf^*  hiLs  only 
to  Imi  made  for  the  difTerpnoe  of  cost  between  thnse  lamps  nnd 
regulators.  This  diiferenre  may  nequire  considerable  impor- 
ranoe,  because  their  extreme  simplieitj*  makes  it  possiltle  to 
obtiiin  them  at  a  very  low  prire.  The  cost  of  the  blocks  and 
of  the  i-arlions  will  be  slight ;  the  inventors  estimate  it  nt  2'5 
centimes  per  hour  (or  the  block,  costing  originally  40  centimes 
land  lasting  (ifteen  hours.  The  eaqienne  of  carbons  is  reckoned 
at  3  centimes.  These  two  items  give  u  totul  of  5'5  centimes 
per  liour  and  per  lamp. 

We  liave  no  reports  upon  the  exact  total  expenses  of  ex- 
isting plants,  as  they  have  not  yet  worked  long  enough ;  but 
we  have  succeeded  in  gathering  the  foUowing  figures  from  a 
report  made  of  a  series  of  experiments  conducted  in  Belgium 
by  >rM.  B^de,  Desgnin.  Dnmont,  and  Kousseau,  engineers 
'and  professors  of  physics,  assisted  by  M.  Wauters,  manager 
of  the  Oas  Inspection  Department  of  Brussels : 
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All  the  experiment?!  were  jjerformed  with  a  self-exciting 
Gramme  machine  of  mmlel  No.  1,  constructed  to  supply  four, 
six,  or  eight  Jablochkoff  candles. 

Tlie  motive  power  was  furni8lie<l  by  a  steam-engine  of  25 
nominal  hoitw  power. 

The  power  was  taken  by  a  Richards  indicator  and  measured 
so 
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by  an  Arasler  planiraeter.  The  photometric  men-saremeot 
were  taken  with  a  Biinsen  phcttometer.  We  need  not  recall 
the  particular  qualities  of  this  system,  wMch  had  much  suc- 
cess at  the  Paris  Exhibition,  where  it  lighted  a  gallery  of  pic- 
tures. 

VL 

"VVe  hare  seen,  in  the  experiments  at  Honen,  the  Jabloch- 
koff  candlfs  coatrastiug  with  the  voltaic  arc  regulators.  Such. 
conditions  must  be  disadvantogeons  to  them,  because  the  last 
named  are  much  more  economical  wheu  the  iK)wer  of  the 
buraem  can  be  increaued,  the  number  diminished,  and  them- 
selves placed  at  a  proper  height.  But  in  proportion  as  theae 
favorable  conditions  disappear,  the  economic  difference 
tweeu  the  two  systems  gi'ows  less,  and  often  the  candles  comfit 
to  be  preferred  on  account  of  their  simplicity. 

The  extiu  exj>en8e  due  to  them  doas  not  only  come  from 
the  increased  motive  power  i"eq«ired  in  the  production  of  cur- 
rents; it  comes  also  from  the  inevitjible  loss  of  light  from 
the  use  of  globes,  which  they  absolutely  require,  as  they 
must  burn  protected  from  strong  currents  of  air ;  it  must 
be  remembered  that  once  extinguished  the  candle  does  not 
relight. 

This  loss  of  light  t^an  be  estimated  for  globes  ordinarily 
nsed,  of  "4  metre  diameter,  at  twenty-five  per  cent  for  Bac- 
carat-gliiss  ghibes,  at  thirty-three  x^^t  cent  for  roughened 
globes  and  ordinno'  light-milky  globes,  and  at  forty-two 
per  cent  for  opal  globes ;  in  calculating  lighting  projects 
with  thcHc.  (KuidleH,  a  mean  of  foi-ty-one  rarcels  for  the  ex- 
posed (landln  only  ran  Iw  reckoned  on,  which  reduces  to  thirty 
carcela  for  t!ie  glass  globes,  twenty-seven  for  the  milky 
gh>bes,  and  only  twenty-four  for  ordinary  opil  globes.  On 
the  other  liand,  the  mean  rost  of  establishing  them  hardly 
exceeds  one  thuusand  franca  per  light ;  it  varies  again  with 
tlie  number  of  lamps,  the  extent  of  the  circniit  of  the  condm 
tors,  and  the  gi-eater  or  less  eh^gance  of  the  apimratus. 

One  of  the  prineipal  running  exi>en8es,  the  cost  of  the  can- 
dle itself*  has  diminished  considerably  since  its  beginning,  on 
account  of  the  reduced  price  uf  the  carbon  rods,  and  by  the 
suocesaive  improvements  introduced  into  the  manufacture  of 
the  candles ;  it  has  been  reduced  fi-om  -70  franc  since  July  1, 
1881,  to  -30  fiunc.    The  length  has  been  slightly  inci-eaaed, 
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HO  that  their  practical  duration,  which  at  first  was  only  one 
hour  thirty-five  minut'es,  can  reach  two  hours  t*n  minutes. 
The  motive  power  n^quired  is  an  averag«  of  one  iind  a  half 
horse-power  per  himp.  It  nMerIhe!«s.s  deri-eases  as  the  num- 
ber of  himpf*  incnsi.ses,  ajid  thi;  engintHTs  of  Iht?  Metro|K>litan 
Board  of  Works  in  London,  Sir  Joseph  Bazalgette  and  Mj*. 
T.  VV,  Knates,  proved  in  1879  that: 

Tu  produce    &  lU^liu.  1-90  horse-poirer  par  lamp  waa  repaired, 
u  10     1.         j.^  .1  ••  .1 

n  15    ..       j.()3  ..  i<  u 

u  SO    "  "t         ''  "  " 

These  figures  express  the  motive  power  in  indicated 
horse-power— that  is  to  say,  the  power  deduced  fr-om  the 
indicator  record.  The  co-effident  of  i^nction  thnt  they 
employed  to  transfer,  indicated  into  actoal  horse-power,  was 
abont  '85. 

The  report  of  the  same  engineers  contains  interesting  fig- 
mvs  relating  to  the  tU'st  iustaJlatiou  of  tliis  kind  in  London, 
between  Westminster  and  Waterloo  bridges,  ij|Mm  a  length  of 
2,ii)0  meters. 

The  co.st  of  ])lant  for  forty  lights  Ls  estimated  as  folI<iws ; 

OiiL'rtvnin-onginaof  20  hor»&-powor,  nomiaal, 

ineliidinfc  boiler 12,474  rrftDC«($2,4%) 

Two  (iramma  michiowL fl,0T2      "     (   1,S1*) 

Shafting,  byldng.  etc 882     "     (     176) 

Contliipting  cahlea  nnd  MCMsories. I),h28     "     (  1,«65.60) 

Total ,, 82,266     "     <*fl,«l) 

Ab  the  experiments  only  referred  to  the  first  twenty  lamps, 
the  interest  and  depreciation  were  calculated  for95,(HX_»  francs 
only,  say  40  centimes  per  hour  per  lamp  for  twenty  lights, 
ood  3,(100  hours*  service  per  annum. 

The  avenge  daily  exjiense  is : 

Coal   fur    bxllcrfi,  ubuul    236    kUogrsniines  (497 

pounds),  at  SI  (nam  per  U>d 4.70  trai\f»  ($0.94) 

Coal  and  wood  for  kindling. 1.20     "     (    .84) 

Oil  auA  innidviital  ('X]N;nK(.'»  of  th«  engine l.fiS      "      (     .88] 

Waxes  of  tnecbiiaiw,  firemen,  and  inypeotora IJ.Cfi      *'     (  8.8T) 

Stluriutt  of  OMUftonta. IS.OO     "     (  2.00) 

Total 87.20      "      ($7.40) 

Or  per  lamp  and  per  hour  '339  franc. 
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Adding  to  (his  the  cost  of  candles  reduced  to  '20  franc  per 
honr  per  lamp  we  find  : 

I)»il.v  i'KpuQ^u MB  francs    (41.76  oSDts) 

latcrcdt  and  depredation .MB     "       (  .Moeols) 

Elootrlc  caadlw .800      '■       {4.00  cenw) 

ToUl 687      "      (11.74  MDtA) 

The  price  allowed  for  the  cjiniUes  in  tlii.'*  ras«  wjema  les-s 
than  the  real  exfiense.  M.  Tli.  Levy,  cnpineiT  of  the  Muni- 
cipal Service  of  Pari.s,  had  demonstrated  in  1878  the  cost  of 
maintenance  i>er  hour  for  the  sixty-two  Iiinii}s  of  the  Avenue 
de  rOpera  in  the  following  manner : 

Coiil  fur  \Mihrt 8.64  Ttiuk9  {I1.S38) 

Oil  and  minor  expeOK* 1.23      "      (    J46) 

Motive  pnwor , 8.20      ■■       (     .«  ) 

fltliir/ of  inspeelopB S.aii      "      (    .«■  ) 

Sivtjr-twu  candle*  At  UQ  ft-ano. .,.,.,. ai.O0      ■■       (  0.20  ) 

Total... , 4&.27      "      f$9.0M) 

Or  per  lamp  per  hour  '7^  franc. 

The  (^o.'^t  may  have  l)een  greatly  reduced  since  this  period, 
bnt  it  is  still  far  above  the  sura  appropriated  by  (he  city,  -SO 
franc  per  hour  pier  lamp  ;  for  this  reason  the  electric  lighting 
has  to  Ije  stopi>ed  after  midnight  and  the  ga.s  has  to  be  lighted. 
This  mixed  system  is  only  an  incomplete  solution. 

If  the  city  of  Paris  had  the  honor  of  the  initiative  In  elec- 
tric lighting,  it  must  not  be  forgotten  that  the  trials  were  pur- 
sued in  England,  in  London  notably,  on  a  much  larger  scale. 
Thus,  in  the  beginning  of  1881,  three  districts  were  allotted 
and  conceded,  one  to  the  Brush  Company,  the  second  to  MM. 
Siemens  Brothers,  the  third  to  the  EngUsh  Electiic  Lighting 
Company. 

The  Brush  Company  support  thirty-three  lamps  on  a  sin- 
gle circuit  of  about  6,000  metres.  The  cables  are  composed  of 
seven  wires  of  TOo  millimetres  diameter.  enveloi>ed  in  India 
rubber  and  with  a  w-rapping  of  laii-ed  ribbon ;  they  are  placed 
in  cast-iron  pii)es  underground.  The  lights  are  live  metres 
high  and  pi-onded  wiili  reflectors.  The  electricity  is  snpplied 
by  two  Brush  machines,  driven  directly  by  a  Brotherhood 
engine  of  thirty-two  horse-power.  The  cost  as  stated  is  about 
18,7,^  fi~dnc8  for  the  instullation  and  10,i)<K)  francs  per  annum 
for  lighting. 
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MM.  Siemens  use  twenty-eight  ordinai-y  lamps,  supplied 
by  two  alternate- current  machines,  eighty-six  jjowerful  bimps 
at  an  elevation  of  twenty  four  metres,  and  each  one  supplied 
by  a  continiious-cuiTent  mturhine.  The  cables  are  also  placed 
in  cast-iron  pipes.  The  cost  for  this  district  is  3C,:f7r>  francs 
for  the  plant,  and  .50,7.H)  for  the  lighting,  per  annum. 

The  tliiixJ  instalhition  comprises  ten  very  powerful  lamps, 
mipplied  by  two  continuous-current  Gnunmo  machines.  These 
are  driven  by  a  twenty-five  hi)rse-pt>wer  steam-engine.  The 
lamps  of  the  Brockie  system  present  this  peculiarity,  that  the 
movement  of  tlio  polar  carbons,  instead  of  being  regulated  by 
variations  in  the  intensity  of  the  current,  is  produced  periodi- 
oally  iiy  an  Intcrrupt^^r  of  the  derived  ctirri'nt  actuated  by  the 
motor  t)f  tlie  dynamo-electric  machine. 

Tliis  installation  was  ready  for  work  much  later,  the  price 
— 33,7nO  fnincH  for  the  plant  and  3(),f)(Mt  francs  for  tlie  light- 
ing— not  having  seemed  enough  to  the  first  company  who  had 
the  allotment. 

In  France  we  have  liad  the  very  interesting  trial  which  has 
been  going  on  since  the  National  I'^fit^^  of  July  \4.  1881,  on  the 
Biiulevard  des  Italiens  in  Paris.  Four  lam])s  i)f  Million  (sys- 
tem using  horizontal  carbons,  analogous  to  thase  of  M.  de 
Mcrsanncl  were  suspended  over  the  center  of  the  rrjadway  of 
the  lM)ulevftrd  ;  rhey  were  supplied  by  one  of  ^f.  de  Mdriten's 
machines.  Fig.  251  gives  an  idea  iif  this  installation,  which 
seemed  well  adapted  for  lighting  the  boulevards — something 
hard  to  accomplish  because  of  tlie  trees  Iwirdering  the  road- 
way on  each  side.  Unfortunately,  these  trials  were  of  ttto 
short  duration.  Finally,  sine*!  Novemlwr  3,  1881,  the  Place 
dn  ('lUTfuisel  has  been  lighted  with  fourtwjn  Mcrsanne  1amp.s 
supplied  by  L<mtin  machines  ;  twelve  of  these  lamps  are  sus- 
pended fn)ni  lamp-posts  placml  <m  the  sidewalk  curbs;  two 
more  intense  lights  are  suspended,  at  a  height  of  twenty  metres, 
from  the  arms  of  a  column  of  iron  lattice-work- 

TheLyonnaise  Mechanical  Constniction  and  Electric  Light- 
ing Company,  which  put  in  this  installation,  also  lights  fifty- 
four  Bni.sh  lamps  in  the  temporary  offices  of  the  Post-Office 
deiMirtment.  Four  other  Brush  lumps  will  be  lighted  in  the 
Court  of  the  Louvre,  called  the  Court  of  Francis  I,  where  the 
himp-posts  are  already  erected. 

As  for  the  electric  lighting  of  the  Place  de  la  Bastille,  it 
has  ceased  working  since  the  month  of  Febmary,  188(i 
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It  is  fai'  different  in  the  United  States,  where  the  iise  of  tha 

;tric  light  seems  to  have  acquired  a  considerable  develop- 

'ihent.     In  New  York  there  are  six  powerful  t'omx>anie8,  re|>- 

resenting  together  a  capital  of  thirty  millions  of  fRines.    They 

prosper  very  well,  in  spile  of  the  severe  t'omiwtition  exiuling 

l^etween  them. 

VIL 

tor  tne  >v'^er(Iemmnn  lamps  we  have  only  ihe  data  relating 
to  the  installatiun  effeirtM  in  1870  in  the  Kensington  Museum. 
Two  halls  weiB  lighted,  each  one  by  four  lamps  of  this  sys- 
tem placed  2*44  metres  above  the  gnmnd,  with  opal  glol)e8. 
They  were  placed  by  fours  in  derivation  upon  the  ciicuit  of  a 
Gramme  machine,  old  model.  The  motive  power  waa  sup- 
]>Iied  by  a  gas-euf^ine.  the  Otto  silent,  of  cipht  horse-power, 
and  the  gas  utunl  came  to  eight  and  one  half  cubic  metres 
(*297i  cubic  feet)  per  hour. 

In  an  experiment  made  in  Paiis  in  1879  a  special  Gramme 
machine,  driven  by  a  six  horse-power  gas-engine,  waa  found, 
capable  of  supplying  ten  Werdermann  lamps  of  fifteen  carcels, 
or  t\*'elve  lamps  of  twelve  carcels.  The  carbons  were  four  and 
one  half  millimeti'es  in  diameter,  and  the  consumption  came 
to  ten  centimetres  (four  inches)  per  hour  for  each  lamp. 

We  do  not  know  the  exact  running  expenses  of  the  Wer- 
dermann-Reynier-Napoli  lamps^we  only  know  that  Ihe  twen- 
ty-four lamps  of  this  system  that  worked  at  the  Electrical 
Exhibition  in  Paris  were  supplied  by  a  self-exciting  twenty- 
light  Gramme  machine,  requuing  about  twenty  horse-power. 
The  expense  per  hour  and  per  lamp  may  be  put  at  about  "SO 
franc.  We  are  in  i>ossession  of  somewhat  more  exact  figures 
relative  to  the  lighting  of  the  bleachery  of  M.  P.  Duchesne- 
Fouret,  in  the  Valley  of  Auge,  the  work  being  executed  by 
M.  RejTiier.  and  rhe  figures  establishtMl  by  M.  E.  Dupuy,  en- 
gineer and  director  of  this  establishment. 

This  lighting  comprises  eleven  Reynier  Iami)M,  distributed 
as  follows : 

FoDr  in  the  Basptng  anil  wrmhin^ rooms.  46*20  x  16-60  rDvtr«fl  =  766'd3sq.me(rM. 

Onoin  the  wriiigin«-rooni    19-70  K  16-60      *'       =827-02         " 

Two  inthe  fiiNt  dr/mg-rortni (11120x11-50      "       =  7GI-80        ■' 

Two  in  the  fwond  (Iryins-rwm   013-20x11-50      "       =761*80        ** 

Otifl  Id  tticoDgine-rifom 10*70  x  6-60  =    6K-63        '* 

Ooe  in  Che  boiler-room Il*fi0x   6*80      "      =   78-30        ** 
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The  expenwi  of  insrallation  comprises : 

One  Oraiiiinc  mucliinB  (factor;  lyiw) 1,500  francs  ($300) 

El«Mn  R«yiiiwr  lainp«. 1,100  "  (  220> 

EItfT«n  Kejnier  aatouutio  It^liters 376  ''  <     55) 

Odi!  tDU>rnii>ter 80  "  (      0) 

Odl'  f^TAUometor >... .  SO  *'  (      6) 

Five  two-way  switobds,  fpMiii)  model IfiO  "  <    80) 

Twenty  white  glsM  g\ohm 40  "  (       8) 

Teu  tin  roflofUjrs 50  "  <     10) 

Two  linndr«<l  aod  oight/fivc  nMUw  of  cables  ud 

different  wires. 240  "  (    48) 

Tot«) 8,416      ■'      {$eSS) 

The  interest  and  depreciation  on  wliirli  amount,  at  the  rate  of 
ten  per  rent  and  for  seven  hundred  houra  of  lighting,  cunie 
to  '488  Ininv  pi-r  hour. 

The  (Tnimrae  macliinp  makes  1,27n  mvolutiunfi  jmr  iniuute  ; 
the  motive  power  taken  from  the  faetory  nn^^ne  in  rtn'.kowwX 
at  thrp<!  horsw- powers,  which  seems  rather  too  little.  The  ruu- 
niiig  coHt  per  hour  in : 

Oarbon  roil  for  Oie  lampt«  at  tlio  nito  uf  17  c«ntl- 

tnctTfM  por  buar  yt^t  l&mp,  1'87  metre,  at  -65 

ft-Mio.. 0.ft55  fraoM  (in.131  ) 

Uotire  powur,  8  borito-powor,  at  OOfl  fmuo.  ..  0.180     "      (    .034  ) 

Total 0.8M      "      (10.167  ) 

Interest  And  deproclAtloD l 0.488      "      (    ,0970) 

Togetlicr 1.828      •'       ($U.a«4B) 

Or  atK)ut  '12  fraiu:  per  hour  per  htmp,  whose  pho[om«trir 
value  is  equal  to  eight  to  twelve  parcels.  It  if*  a  very  advan- 
tageous n;r«ult  for  u  factory  obliged  to  munufactuiv  its  own 
lighting  guM. 

Ttiis  clus»  of  applications  will  certainly  multiply,  if  all  the 
companies  which  exploit  the  dilferent  lightiuy  systems  will 
publish  the  neceHsary  data  to  establish  comparative  exact  and 
ooinplete  figures. 

vm. 

We  Irnve  not  believed  it  neoeasary,  as  it  often  is  thuu^ht, 
to  compare  Ihe  ef  imomit;  results  of  i'lertric  lighting  with  thoHt* 
of  gas  lighting.  In  general,  when  it  is  decided  to  use  electric 
liglit,  it  is  for  the  object  of  oblniniiig  a  sum  total  ttf  H-^lit  far 
greater  than  that  which  exii*te<l  befitre,  and  which  proved  in- 
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sufficient.  For  the  comparison  to  be  just,  it  innst  be  made 
with  the  gas  necessary  for  the  production  of  the  same  de- 
gree of  light,  aud  iu  thiw  case  the  advantage  is  with  electricity. 

It  is  far  othi^rwise  with  incandescent  lighting  by  the  Edi- 
1  BOB,  Swan,  and  other  Hy»t«'ras,  wUiww  light  hiu*  almtwt  the 
actnul  value  of  our  gaw-jetH.  In  spite  oX  their  superiority, 
the  small  electric  lights  can  not  hiii)e  tit  In;  aclopted  unless 
they  cost  mi  more ;  EdLson  ho{>es  to  reach  this  point  with  the 
installatiou  he  is  j)re])iiring  in  New  York,  aud  all  the  plans  of 
which  he  has  eshibiied  in  Paris  ;  it  is  enough  in  fact  to  dis- 
tribute the  cost  of  phiut  aud  exploitation  among  a  considera- 
ble number  of  lamps  and  hours  of  lighting.  Theiv  is  nt)lhing 
impracticable  in  this.  Allowing  f()r  an  installation  of  only 
five  hundred  horse-pi)wer,  su]iplyingten  thousand  lamps*  in  a 
net-work  of  iwenty-tive  iir  thirty  kilitnietn's,  an  annual  rev- 
enue of  400,0(X>  francs  Ls  reached  on  the  basis  uf  a  price  of 
three  centimes  jwr  hour  and  jHsr  lamp,  aud  fi>r  l,r)i)0  houi-H 
lighting  per  annum.  Kslimating  this  tii-st  installation  at 
),OCK),(XR)  uf  fmn<:s  or  100,(X((l  fiiinc*  interest  per  annum,  and 
the  motive  power  at  ao,(X)0  francs,  there  is  left  for  other  ex- 
penses and  pmfits  3i2<>,t)00  francs.  We  have  alivsidy  seen 
that  this  price  of  three  centimes  is  lower  than  the  net 
cost. 

But  if,  instead  of  confining  the  work  to  lighting,  electricity 
is  furnished,  as  M.  Marcel  Deprez  su^cests,  at  once  for  light 
and  for  power  at  home,  the  number  of  hours  of  activity  may 
exceed  four  thousand  per  annum.  Success  does  not  seem 
doubtful. 

It  must  not  be  ctmcluded  from  this  that  the  use  of  the 
electric  light  is  dejiendent  on  the  formation  of  such  immense 
plants.  It  is  already  utilized  with  advantage  on  the  condition 
of  producing  at  the  lowest  possible  jirice  the  power  required. 
This  is  difficult  because,  as  we  know,  the  smaller  the  power 
the  greater  the  relative  cost  of  producing  it. 

Up  to  the  present  time,  for  electric  lighting,  portable  en- 
gines or  those  of  an  analogous  type  have  generall)'  been  used, 
and  it  is  on  tlie  wfirk  of  such  engines  that  the  c<j«t  of  elec- 
tricity must  be  rjilnilat^Nl. 

In  a  conference  held  at  the  Congress  of  EleetriclanH  in 
1881,  Pi-<)ftwsor  Ayrton  rc^-alled  that,  in  a  recent  exhibition 

*  [In  t)i«  first  EdiM>Q  dtatrict  in  New  York,  nx  lamps  ore  maiotainf<d  p«r 
todioated  horaw-powor.    Tliis  figure  n  tbvreforo  maob  too  Iitgb.] 
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in  Euglund,  where  several  of  the  l)e«t  mjicliines  of  this  tjrpe 
were  ruuniug.  the  <-on.sitm|)tiuu  <pf  liiuI  nm  n»  high  aa  two  kila- 
graiiiines  —  exactly  1*800  kilograiniuea — (four  pounds)  per 
horse-power  per  hour. 

As  all  this  took  place  at  an  exhibition,  where  the  wwt  was 
to  be  detenu ined,  nothing  was  neglected  to  obtain  tJie  most 
favorable  conditions  ;  tlie  fires  were  manngi^I  by  experieDCed 
firemen,  the  boilers  were  new  and  clean.  This  d(M'-s  not  rej*- 
resent  the  daily  nondition  of  such  things  in  orclinary  work, 
where  25  to  3  kilogrammes  (5i  to  Ei'O  pounds)  represent  more 
nearly  the  usual  consumption,  efi]M'nialIy  when  the  IwilerM 
have  worked  sevenil  montlis;  it  is  a  i-etnrn  of  only  one  thir- 
tieth of  the  caioritic  pnwur  of  the  carbon. 

It  i.s  hardly  nnajssnry  to  aild  that  all  those  who  employ 
portable  en^nes  in  ditferent  loralilies  ji^ve  that  the  prartitwil 
wmsunijiticm  is  miicli  higher,  that  it  goes  up  to  live  or  six 
kil()granimi«  ]>er  horse-jmwer  per  hour,  juid  even  higher  in 
many  oporations  where  the  wiisting  of  the  coal  is  unavoid- 
able. 

It  btKximes  absolutely  necessary  to  (ind  a  motor  that  is 
more  economical  to  drive  the  dynamo-electric  machine  U  the 
cost  of  elcftri<rity  i»  to  be  dinnnished.  Wo  hare  also  the  hot- 
air  engine,  whose  use  in  English  light-houses  we  have  alluded 
to.  Its  i*etum  of  jiower  is  governed  by  the  same  law  aa  that 
of  at**am  engines— the  fall  of  temiiemture  duriug  its  W(»rk 
upon  the  piston.  For  it,  also,  the  initial  temperature  must  be 
increased  to  obtain  good  results,  because  the  pressnreof  hut 
air  increases  more  slowly  than  that  of  steam.  It  can  be  raised, 
then,  without  danger,  to  temperatnres  where  the  latter  would 
be  capable  of  breaking  all  inclosnres. 

Unfortunately,  this  advantage  is  accompanied  with  a  trou- 
ble that  quite  annuls  it ;  lubricating  oils  bum  very  easily,  and 
the  bejuings  soon  begin  to  rub.  Those  engines  are  also  very 
large  and  heavy  ;  the  slowness  of  their  motions  does  not  cor- 
resjMind  to  the  high  sjieeds  of  dynamo-electric  mnrliines,  and 
brings  on  cnmpliratcd  pi-oblonis  of  transminsitm. 

The  gas-engine  n^mnins,  in  which  thp  power  is  prc«luced 
by  the  explosiim  of  a  mixture  of  air  and  gas  introduced  into 
tin;  int/^rifir  of  a  cylinder  at  each  movement  of  the  pistoii. 

There  is  a  great  difference  Iw'tween  the  hot-air  engine  and 
the  gas-engine.  It  in  that  in  this  last  class  of  motors  the  ele- 
vation of  heat  is  produced  within  the  interior  of  the  cylinder. 
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so  that,  in  spite  of  the  high  temperatnre  of  the  Kns,  the  cylin- 
der and  piston  can  be  cooled,  and  the  lubricators  kept  from 
ig,  by  means  of  a  current  of  ccpid  water.  This  u^ful 
>ling  is  impossible  in  the  ho^-air  engine,  the  aii-  being 
heated  outside  of  the  cylinder.    Again  the  mixture  of  air  and 

enters  the  cylinder  al  a  low  (eniperAtiire.     After  the  ex- 

jlosion  thei*e  is  a  nudden  lowering  of  the  high  temperature 

developed,  becanae  the  piston  moves  before  the  gases  have 

time  to  communicate  much  of  their  heat  to  the  cylinder  or 

piston. 

Superheated  steam  can  not,  either,  be  employed  without  re- 
coui-SH  to  apparatus  of  extntnie  wtrength  ;  account  must  also 
be  taken  of  the  gi-eat  loss  of  heat,  in  the  passage  of  tlii.'*  liiglUy- 
heated  vapor  through  the  pipes  and  distributing  apparatus, 
which  would  also  be  rapidly  deteriorated  by  an  excessive 
heat.  It  is  clear,  then,  tliat  with  a  gas-motor  the  high  tem- 
perature necessary  for  an  economic-al  result  can  be  used  with- 
out encountering  the  ]>nictical  difficulties  which  hai"e  pro- 
vented  the  use  of  steam  or  hot  air  under  thi»  same  r<mditions. 

In  a(;tual  steam-engines  the  steam  hardly  ever  exreeds  180" 
C  at  its  entrance  into  the  cylinder,  and  the  fall  of  tempera- 
ture during  the  period  of  work  may  reach  12^)"  C,  which  will 
famish,  according  to  thermo-dynamic  laws,  a  theoretical  re- 
turn of  twenty  per  cent,  or  one  fifth.*  In  n  gas-engine  the 
initial  temperature  at  the  moment  of  explosion  is  pstimated 
at  2ymf  C,  and  it  falls  to  about  800*  C.  when  the  piston  has 
completed  its  movement,  which  gives  a  fall  of  temperature  of 
2,200"  C.,  coiTesponding  to  a  theoivtical  return  i>f  fhn^e  quar- 
ters, or  of  seventy-five  per  cent  instead  of  twenty  per  cent.f 

Tints  the  gaH-engine  works  under  much  mnre  favorable 
conditions  than  a  steam  or  hot-air  engine — that  is  to  say,  it 
transforms  into  mechanical  work  a  much  grt*ater  qtmntity  of 
the  heat  prod  uned.  Bnt  it  does  not  follow  fn>m  this  that  it 
works  more  cheaply.     This  depends  on  tli«  pritre  of  combus- 


*  [With  theflc  o)Ctn!iii6<i  ol'  U'tupcraturv  tUU  wonlil  l>e  365  per  ccnl,  nuurl;'. 


V  follows:  EfRoioDoj  = 


T-T' 


(IBO  +  gTS)  — <flO  +  g78)  _  120  _ 


t  \Them  f\gaTe»  nra  niiu.-li  too  high.     Mr.  DngAld  t'1«rk  givea  15&T  C.  as  tbo 
maximutn  t«tnperatar«,  nod  048°  C  na  tlie  terujienUure  of  exhaust  m  tla*  moxt 
ecoDOinicul  tj-po  of  lh«  ms-en^ne.    Tliia  woald  mako  the  theoretical  cfficieoor 
(1637  +  S73)  -  fMS  +  S78>  _  _8S»  _ 

1B8T-I-  273  "   1810"       '' 
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tibles  used,  and  on  tJie  otlier  f^nmtXy  varyinf?  items  of  cost 
necessarily  incurred  in  the  running  of  any  mat-bine. 

To  make  the  comparison  with  some  appn^ach  to  exactness, 
Prulessor  Ayrton  has  arranged  detailed  tables  of  the  expenses 
of  all  sorts  required  by  two  motors  of  thirty  horse-power,  one 
a  steam-engine  of  the  portable  type,  the  other  a  gas-engine  of 
the  Otto  type,  running  three  hundred  days,  ten  hours  a  day — 
that  is  to  say.  for  three  thousand  hours  of  effective  work. 
The  final  result  came  to  0,5U0  francs  for  the  steam-engine,  and 
11,100  fmncs,  or  l,fWK)  francs  more,  for  the  gas-engine.  It  is 
a  difference  of  sixteen  ]>er  cent.  It  must  be  stated  here  that 
in  the  calculation  gas  is  charged  at  iifteeu  centimes  a  cubic 
meti-e  (eighty-six  centa  i>er  thousand  feet),  which  is  one  half 
the  piice  charged  in  Paris  t<t  small  consumers.  If  it  be  cal- 
culated ua  the  basis  of  its  selling  price,  the  total  expense  of 
the  gas-engine  will  exceed  21,500  ftancs — that  is  to  say,  more 
than  double  that  of  the  steam-engine  doing  the  same  work. 

Such  a  iTHuIt  does  not  seem  encouraging.  But  coal  to-day 
is  manufacliniHl  for  the  production  of  light,  and  not  of  hent ; 
itmu.st.  to  be  adapted  for  (his  purp4)HR,  undergo  costly  purify- 
ing operatiims,  whirl]  diminish  rather  than  increast*  its  calorific 
power.  When  it  i.*s  ii.sml  for  heating  it  is  turned  aside  entirely 
from  its  original  declination,  and  it  .should  occasion  no  sur- 
prise if  bad  results  am  obtained. 

In  Hpite  of  this  feature,  the  enormous  calorific  power  of 
gas  Ls  so  iuefiitiienlly  utilized  in  the  pmduction  of  ordinary 
Ughts  that  there  in  an  ailviintagi!  in  tmnsformitig  it  into  motive 
power,  and  in  converting  this  into  electricity  and  into  light. 
A  cubic  metri!  of  gas  bumiul  in  onlinary  burners  drjps  not 
give  over  eight  or  nine  carcels  of  light ;  it  is  tnie  that  here  we 
experience  the  bad  economy  (if  division,  l)ecause,  with  Siemens 
regenerating  burners,  a  cubic  metre  nf  gas  can  give  as  much 
as  thii'ty-live  carcels.  Used  in  a  gas-engine,  it  w^prosents  a 
horsG-jxiwer,  that  is  to  say,  an  average  light  of  one  hundred 
to  oue  hundred  and  twenty  cjircvls ;  but  this  advantage  dis- 
appears if,  in  its  turn,  the  electricity  be  divided  into  small 
lights — and,  with  incandescent  lamps,  acarc^ely  twice  the  light 
produced  by  direct  combustion  in  burnei-s  will  be  obtainetl. 

On  the  other  hand,  gas-engines  are  without  danger ;  they 
can  be  placed  anywhere  without  permission  fiwrn  the  authori- 
ties ;  no  special  workmen  are  requb-ed  to  run  them ;  they 
work  without  noise;  the  expenditui'e  of  gas  governs  itself 
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automatically  in  prnpordon  to  the  work  done,  and  cea^teH  as 
soon  as  the  work  cejisea  ;  all  that  has  to  be  added  to  the  ex- 
pense are  the  items  of  oiling  and  of  about  fifty  litres  of  water 
per  horse-power  yn*r  hour  to  be  used  in  cooling  the  pylinder.* 
The-se  marhinea  are  an  excellent  resfiiirce  whenever  more 
powerful  lights  or  moro  beautiful  illumination  is  retjuired. 
Ttiey  are  made  of  all  sizes,  and  at  the  Kle<'trieai  Exhibition 
in  Paris  they  rontributfd  largely  to  the  production  of  the 
motive  power  necessary  for  the  evening  illumination.  They 
represented  one  liundivd  ant!  tifty-two  horse-powei-s  distrib- 
uted in  the  following  manner: 

One  engine  of  tifty  horse-power,  driving  sixteen  Gramme 
machines,  factory  tTr-pe,  dinded  into  two  gronps. 

One  engine  of  twenty-five  horse-power,  driving  a  Kreme- 
netzki  machine,  and  the  six  Gramme  machines  of  the  Gravier 
distributi(»n  system. 

One  engine  of  twenty -five  horse  -  i>ower.  driving  seven 
Gramme  machines,  factory  type,  and  one  two-light  Gramme 
macluoe,  of  the  Sautter-Lemonnier  Company. 

One  engine  of  twenty  hoi-se-power.  driving  the  Schuckert 
(six  lights)  and  Gulcher  (six  to  twelve  lights)  machines. 

One  engine  of  twelve  horse-power,  driving  one  Gramme 
macliine,  factory  type,  and  one  Gramme  stelf -exciter  for  eight 
Jablochkoff  caudles. 

One  engine  of  eight  horse- power,  diiving  one  Gramme  elec- 
troplating machine  (Christotte),  two  Gmmme  machines,  fac- 
tory typi;  (two  light),  and  one  Gramme  self-exciter  for  fi>or 
Jablochk<rfT  candles. 

One  engine  of  eight  horHe-power,  driving  two  Gramme  ma- 
chines, supplying  the  two  lights  in  the  green-house. 

One  engine  of  four  hoi-se-power,  driving  the  two  Gramme 
machines  <m  M.  Deprez's  circuit. 

The  machines  used  for  lighting  the  given-house  (showing 
the  inHnence  of  the  light  ui)on  vegetation)  worked  night  and 
day  without  cessation  during  the  whole  time  of  the  Exhibi- 
tion. 

Tlie  speed  of  these  machines  was  one  hundred  and  forty 
revolutions  for  the  five  first,  and  one  hundred  and  sixty  revo- 
lutions for  the  others. 

To  reduce  the  expense  of  gas-engines  it  has  even  l)een  pro- 

*  [So  expL-ndltare  la  occeauiry  on  tii\»  iooouot,  u  tbe  iianie  water  to  used 
over  and  nv«r  iiguii.l 
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posed  to  niannfacture  a  special  gas,  and  Mr.  E,  Dowson,  of 
London,  shnwwi  at  the  Electrical  Exhibition  a  new  apparatus 
producing  very  cheaply  excellent  gas  for  the  motors. 

Using  just  such  means  as  those  alluded  to  above,  for  a 
DiiwBon  gaa-motor  of  thiity  horse-power,  running  three  hun- 
dred days,  during  a  period  of  ten  hours  each  day,  Professor 
Ayrton  reached  a  total  cost  of  5.24U  francfl.  This  new  enj^e, 
then,  will  cost  forty-flve  per  cent  less  than  a  steam-engine  and 
fifty-thj'ee  per  cent  less  than  an  ordinary  gas-engine  sup]»lied 
by  illurainutlng  gas  at  a  rate  of  fifteen  centimes — that  is  to 
Bay,  one  half  the  cost  of  Paris  gas. 

Unfortunately,  the  establishment  under  our  public  streets 
of  a  new  system  of  gas-mains  is  at  present  almost  impossible 
of  realizati<jn.  and  coiild  not  ivay  except  by  a  gi-eater  devel- 
opment of  the  uses  of  the  new  gas  than  could  be  counted 
upon,  especially  with  the  resources  now  offered  us  by  elec- 
tricity in  the  distribution  of  motive  i>ower. 

This  in,  moreover,  mucli  nion^  advantageous,  because  it 
admits  of  a  dl^Tsion  which  can  never  i>e  attained  with  other 
nujtors.  But  nothing  will  prevent  the  realization  of  the  econ- 
omy presented  by  the  use  of  the  Uowsou  ga-s,  in  employing  for 
the  production  of  electricity  powerful  gas-engines  in  place  of 
sfeam-eugiues.  This  new  way,  ojmned  up  for  the  utilizjition 
of  comlm.stibleH,  may  bring  about  an  industrial  revolution  in 
the  production  of  motive  power. 


TX. 

Some  have  thought  of  den  rhiping  the  use  of  racunm  incan- 
descent burners,  with  accumiihitfira  that  could  Ih'  charged 
during  the  daytime,  either  by  Iteynier  orThtmijwcm  batt«riee, 
or  by  a  dyminio-electricr  machine  driven  by  a  ga-s-imgine.  But, 
besides  the  fact  that  the  plant  would  be  Uay  compUcute^i  for 
an  unimjiortunt  lighting,  we  do  not  know  yet  whether  the  in- 
candescent InmpH  of  clifTcrtnit  systems  which  were  seen  at  the 
BlectrieaJ  Exhihirion  can  be  jji-ix-ui-ed,  and.  if  they  could  lie 
found,  they  would  cost  too  much ;  they  speak  of  twenty-five 
francs  j>er  Swan  lamp  for  the  first  puirliase,  and  12'flO  fmncs 
lor  the  Limits  that  replace  the  lirst,  whose  duration  is  only 
guaranteed  to  be  tliree  hundred  hours  burning.  It  would 
prolwibly  be  just  as  difficult  to  obtiiin  improved  iiccutniilntors. 
All  this  has  not  passed  the  experimental  stage,  although  a 
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very  interesting  application  of  it  has  iMxm  recently  mudo  in 
England.  On  the  Ijondon  and  Brighton  line  a  car  is  lighU'd 
by  twelve  Swan  lamps  supplied  by  thirty-two  Faure  accunui- 
lators.  These  same  lamps  are  also  on  trial  in  lighting  the 
interior  of  armored  vessels,  and  in  mine  galleries. 

Assuming  an  approximate  esitimato  for  the  installation  of 
fifty  of  these  lamps,  at  a  probable  cost  of  five  franca  per  lamp 
(Edison  system),  the  lighting  will  come  to  the  foJQowing:  For 
five  hundred  hours  per  unnumt  8"2  centimes  per  hour  and  per 
lamp ;  for  fifteen  hundred  hours,  a  term  which  may  be  ap- 
plied to  domestic  lighting,  1'8  centime;  for  four  thousand 
houiV  lighting,  the  cost  descends  to  1*4  centime. 

While  waiting  for  industrial  lighting  to  l>e  instituted,  very 
interesting  ax>plica.tions  have  l>een  made  in  England,  which 
show  well  how  the  electric  light  can  be  made  use  of  in  domes- 
tic economy. 

The  late  Mr.  Si>ottiswoode,  president  of  the  Royal  Society 
of  L<)ndon,  used,  for  Iuh  couutry-hoiisu  and  laboratory  ut 
CoomlH)  Bank,  u  large  magneto-electric  machine  of  M.  do 
Mfcriti^ns,  two  (Gramme  machines,  factory  type,  one  small 
ccmtiniiuus-current  Siemeits  machine,  ami  one  large  Butgin 
m<aehine.  Besides  the  experiments  for  wliicli  they  are  des- 
tined, these  machines  give  a  veiy  remarkably  ilttiminatinn, 
which  comprises  twelve  JablochkoflF  candles,  four  powerful 
Crompton  lamps,  and  ninety  Swan  incandescent  lumps ;  of 
these  last,  thirty  light  the  grand  saloon,  twenty  am  in  tho 
dining-hall,  and  the  reet  are  distributed  through  tJio  other 
parts  of  the  chfi,t«an. 

Elsciwhpri%  Sir  W.  (i.  Armstnmg  uses  the  incandescent 
light  for  lighting  his  residence  in  the  country,  and  that  almost 
without  exjwnsr,  the  motive  power  coming  from  a  neighbor- 
ing water-fall.  A  six  horse-jwwer  turbine  drivtst  a  SienienH 
dynamo- electric  machine  ;  the  distance  of  the  turbine  from 
the  house  is  about  four  and  a  half  kihimeti-ea,  the  conduclora 
are  formed  of  co]>per  wire  seven  niillimetres  thick.  Tlie  num- 
ber of  Swan  lamps  is  forty-live,  but,  aa  a  rule,  only  thirty- 
seven  are  lighted  at  the  same  time. 

The  library,  which  is  ten  metres  by  six,  is  [»erfectly  lighted 
by  eight  lamps  ;  the  dining-njom,  also  by  eight  lamps,  six  of 
which  form  a  lustre  over  the  table ;  the  two  others  are  in 
brackets.  A  picture-gallery,  serving  as  a  study,  is  lighted  by 
twelve  suspended  lamps,   to  which  are  added  eight  others 
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wh«a  the  diniog-room  is  darkened ;  the  gallery  is  well  lighted 
by  the  twelre  lamps,  but,  with  all  tweoaty  lamps  in  operatioii, 
the  pictures  show  to  as  much  advantage  as  in  daylight 

The  other  lamps  toe  distributed  through  the  oUier  rooms 
of  the  house. 

Each  lamp  is  estimated  at  twenty-five  candles,  so  that  the 
six  horse-power  gives  a  total  light  of  about  two  hundred  and 
twenty-five  candles. 

In  conclusion,  it  must  be  said  that  die  electric  light  has 
won  for  itself  an  Important  position  mnong  the  resources  of 
our  civilization ;  its  defects  will  vanish  one  by  one,  and  each 
new  improvement  is  followed  immediately  by  numerous  ap- 
plications ;  its  qualildes  were  demonstrated  at  the  Exhibition 
of  1881,  so  as  to  convince  most  of  its  adversaries.  Its  general 
use  is  only  a  question  of  time ;  it  always  was  the  same  with 
inventions  that  disarrange  oar  habits,  and  force  ns  to  leam 
mew  things.  It  is  probable  that  our  granddiildien  wiU  pity 
us  who  depended  on  gas  and  steam-engines,  as  we  pity  our 
ancestors  who  only  had  candles  and  stage-coaches. 
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currenU,  2'J4. 

^^1 

Foiintitin,  Inminotu,  419. 

^ea^  V.  G.  S.  unit  of.  42.                                    ^^H 

Fri.-sni^r«  cntwlioplric  light>hoiiM  appa- 

mechanival equivalent  of,  41.                           ^^^H 

ratus  STX 

unitti,  41.                                                           ^^M 

dioptric  ligbt-hoiue  apponttQV,  373. 

Heat-engine,  e(Il>i>ii>ncy  of.  390.                           ^^^M 

Holmes  m«trni'<o-eti>vtric  machine,  230.             ^^^H 

Giii(rA*!>  nrr  ln:np,  TOl 

Hopkinson  current-meter.  31%                           ^^^| 

Cinlvnnii'  flitli),218. 

Horse-power,  tK.'tual,  in  the  ^eam-L-ngine,          ^^^H 

Gmk   iinil  elwtridty,  iHlffln'ncw  hplMrtn-n, 

300.                                                               ^^M 

in    ihi!  ndtilioii  of   litrgi!  and  mnall 

equivalent  of.  in  electrical  measure,  44,         ^^^H 

lighti, -Ifll. 

^^1 

OnK-rn^cmif  at  th«  Pari*  Rxhibilion,  443. 

indicated  3(X>.                                                  ^^M 

coiuparaUve  cost  uf  the,  and  Uie  strani- 

Ttiliii*  of  (Rnt;li«li  and  French),  40.                 ^^^H 

enjcicie,  442. 

value  of,  in  ergH  (Eugliah.  and  PVencb),         ^^^H 

efllfieiiey  of  the,  441, 

^H 

Oas-ftainv,  compwaliw  tfcwiiomy  o(.  u  ii 

HoijKton  and  TlioiitMO  stomge^bitlerj,         ^^^H 

liiilit.-  imxlucer    and    intaiiidcwMil 

^^H 

lamp,  193. 

HowcllV  mewurcmont  of  Edison  dyno*         ^^^| 

expenditnr*  of  power  per  candlCt  198. 

mo,  308.                                                   ^^H 

limit  of  temperature  in  a,  801. 

^^^1 

(isH,  inrentioti  of,  §. 

Inctinde«K«neo  in  the  air,  30^                           ^^^H 

(inixl^^r  iDPn-nrjr  nir-ptiinp,  IS9. 

of,  124.                                                   ^^^H 

Ovninl  art-  hinip.  82. 

Inciindescence,  liblorjT  of,  110.                           ^^^H 

Q^rnnl   nrf   Inrnji    wilh   converging  Car- 

lucaiidescent  lump.    (See   Lamp,  incan-          ^^^| 

bono,  lOK 

descenL)                                                   ^^^| 

^^^48^^^^^^^^^^IOT 

JV^I 

^^H            Induced  cnrrent,  tvo  wnys  of  producing, 

Tiiunp,  arr.  ni^rard,  irtth  conTcrging  cv    1 

^H                    214. 

bona.  1(17.                                                          1 

^^m            lodoclion-coil,  314. 

Oiroiuird,  00.                                                  1 

^^H                I^ttiswoode,  217. 

GruonK,  74.                                           ^^J 

^^1               qrstcRi  of  duUibution,  SA7. 

Oulcher.  OOl                                            ^^B 

^^B             ItMluction,  elcdricAl,  21 1. 

hand-ref^lal«d,  67.                                ^^B 

^^m                l-'anuliijr's  discorvry  nf,  eil. 

Uarriaon,  fid.                                          ^^B 

^^H                 iu  (lolar  amuiLureiA,  TWI 

Jikspar.  70.                                              ^^H 

^^1                in  ring  ariuiitare.  228. 

I'il^ii.  82.                                               ^H 

^^B            lutcosity  of  cnrrent,  31. 

prDtilem  of  pUcini;  a  number  on  Ot^^H 

^^1 

circuit.    Hum-  »oh-cd,  71.                 ^^^| 

^H             JablochkoS  condlt-.  B8. 

Rapicff,  with  cMtvcrjring  carboiui,  lOG. 

^^H                construction  of,  101. 

»Iftf,  of  Rejmipr.  132. 

^H                cost  of  the,  4S7.  482. 

Scrrin,  63. 

^^B                officii  of  the  inraiatinK   nut«rtal   in. 

Scrrin,  modilted  bo  as  to  bom  several 

^H                     lil«. 

on  one  circuit.  73. 

^^H           JtbkM>hkoff  kaolin  incandescent   lainj). 

shunt-circuit,  78.                                     ^^ 

^H                   31& 

SicDlp^^  79.                                       ^^B 

^^V              ]ijn>*«kctric  battuiy,  SIO. 

dnsle-light,  55.                                      ^^B 

^^1           JmoU^  lav  of  maximum  rcsull.  And  its 

iismI  In  Fronch  lijht-hooBea,  8781               j 

^H                  wrong  int«^pr«miot^  901. 

Wallace.  77,                                            ^^ 

^^B            Jomin  rftndle,  113. 

W(4ton,  86.                                        ^H 

^^H             Janpnr's  arc  lam)i,  70. 

without  innchanifm,  10S.                       ^^H 

^^H             J<^l  inmndi-wpntHui;  liintp,  IdO. 

Wooil,  88.                                               ^H 

^^H             Jatilr,  ihi.-,  4-\ 

Wright,  60. 

^^H             Jun<;lii>n-lioxr»  for  Editva  umlcrf^und 

coropamtiTe  economjr  of,  and   inow 

^^H                    ttiTuI  ui'l'jrv.  !i!IO. 

draront  lamp,  193. 

^^H             JuiKlion-bi)]i  for  iinilpTRround  oondart- 

Mhditiona  of  economy  in  tb*,  SOS. 

^^H                      oiv  UmmI  bj  Jabloclikoff   (.'«tnptttiv. 

clvmenttt  which  detcrniiitc  the  ]l|;iit  ot. 

^H             ass. 

303. 

^^H             JDrgi.>niu?n  drnamo^Wtric  miK'hino.  370. 

limit  to  Ihi^  light  obtaituible  with  Ific 

^^^^^         djrnatno,    mwsuremntt   vf,  by    Tiris 

303. 

^^^^H            coniDitttce,  900. 

measurements  of,  804. 

^^^^v 

photometric  meatnirement  of  305. 

^^B             Kabath  stonK^batlerr.  200. 

Lamp,  Argand,  improvomeut  u(   Quia- 

^^H             KiloKniDtne,  valae  of,  in  vtk»,  -10. 

quet,  0. 

^^B             Konn  iiKiuidesocnt  lamp,  121. 

Arj^nd,  invenlron  of,  S. 

^^B             Koslipff  incaodeeccDt  lanip,  121. 

CaitM.-!.  7.                                                 ^M 

^^B 

Carrel,  illuminating  power  of,  7.          ^^B 

^^B            Ijuld  dnwmo-elvrtrio  mnrbtne,  23.S. 

comparative  economy  of  arc,  caudle. 

^^B             Lain)),  arc,  Arc}ivrcau%  67. 

Aiul  tnoandcaernt.  331. 

^H                 iinish.  82. 

wirlv  form  of,  1. 

^H                 BUr^'in.  65. 

L)Lin|i,  iM<mii<]f»n!iit-arv,  Sawjer,  180. 

^^B                 carbcin«  for,  40. 

CtiLiTiond,  KtO. 

^H 

(■.I-.1  iif  liKhlinp  hjr  the  Werdvrmanii- 

^^B                 Crompton,  SI, 

Rcyniur-Xiifjoli,  437. 

^^B                 Do  MfTMknncfi.  74. 

Ducrrelel,  134. 

^^M               dillercntinl.  78. 

Jo^l.  130.                                                      ^H 

^^fl               Duboecq,  08. 

iHlcst  form  of  the  Iteynin'.  ISI.          ^^B 

^H               Foucwili.Ol. 

B<!ynier.  133.                                           ^H 

^H                 Caiffc.  70. 

prini-iplc  of.  30.                                     ^^^| 

^H                Gerard,  83. 

Wenlomiaun,  123.                                ^^H 

^^^^^^^^^^^^^               ^^^^^^^^^^^^H 

Lanip.  Incandescent,  Bfiiistein,  ISl. 

Lump.  Sim-,  137.                                             ^^^| 

'mrb')ii,  udvonUi^  ol  a  natural  Qber, 

odvajitiiee  of,  143,                                          ^^^H 

157. 

cost  of  lighting  with  Iho,  431.                        ^^^| 

minpAnitiveeconani]rof,iiad  arc  Ismp, 

liomp-'i,  inrAndesccDt,  tneiiKanuacnt  of,          ^^H 

lfl». 

^^1 

oonditions  of  eOIvicncT'  in  the,  187. 

hy  the  Paris  onmmittce.  1M.                        ^^^| 

conditionH  at  saax^s  in,  151. 

hy  the  Munich  committnt!,  1)^,                      ^^^H 

Kiflt  of  li)ifatinf;  by  the.  41tfl. 

Tiampii.  multiplo^ix:  arrangement  on  cir-        ^^^^ 

Crulo.  ISI. 

cuit,  SiS.                                                  ^^1 

nrf^himpy.  IIT. 

fVTJfn  urmn^mcnt  of,  on  I'Jrcuit,  S22.           ^^^^ 

Dfl  MoIpvils  1 17. 

IiAne-Fns  incundaei^enl  binip.  177.                     ^^^H 

dirctrlion  in  wliiL'h  to  improve  the,  103. 

rvpilator  of  the  intcnsiLy  of  the  cur-         ^^H 

Lamp.  tni»n(li>.4coiit.  Kdiaon.  148. 

nvnt.  am.                                            H 

^^^^^Uoinlioo  RATbon,  158. 

r.i\w.  OhmX  »1>.                                                         H 

^^^^^9wunpl»iof  vmrinus  famiB  of  (Ixluroa, 

Li^n^h,  unit  of,  40.                                              H 

llia-18B. 

Iicrnux.  fisperirnent.s  of,  wilh  ppfrootory               ■ 

flnt  fornix  of  the  carbon,  1S5. 

material  in  thn  roUiiic  arc.  138.                          H 

mining.  1"0. 

I^ydfn-JRf.  invention  of  the,  Itt.                               H 

platinum,  153. 

Light,    comparalivo    economy     of    arc           ^^H 

pintiniim,  why  jihnmlanNl,  l.V(. 

liuni».   cjindlea,    and    iticanJcscciit         ^^H 

plaltnuin.  with  ri!(;ulAtor,  lAit,  ISl. 

tum]K,  331.                                                ^^H 

pnutpitt  form  of.  163, 

lii^lil,  olrolric--,  arrnn^titcnt  of,  on  Ihfl                ^M 

with  rhoostat  for  vorying  Iho  lighu 

st«amer  Aindriiiue,  4UI.                               ^^^| 

104. 

at  SCO.  »1HI.                                                       ^H 

l^mp.  incaadcswnl.  expenditure  of  pow- 

comparative intensity  of.  and  canlight,         ^^H 

er  per  candle.  Ilil. 

^^M 

Qrwiipr  and  St^ite.  110. 

comparalira  ran^  of,  and  oiMI^ht,         ^^H 

JrtbloL-hkofT  kaolin,  21a 

^^M 

Konn.  121. 

OompU'le  fintd  apparatus  for  the.  800.            ^^^| 

Kosloff.  lai. 

cost  of  ihi-  arc,  hy  Alliance  machine,         ^^^| 

^^^    Lunp.  fntnndcKCent.  Lone-Fox.  177. 

^^M 

^^^r        tnclhod  of  spilling.  17H. 

by  Biinwn  balUrr,  4IS.                                  ^^^| 

Ijanip,  intandfscBMl,  IxiJjffuiue.  119. 

by  (tnunine  itiafhiiiv.  410.                               ^^^H 

Lamp,  incaiidi'siiciil,  Maxim,  179. 

by  ^ivRieus  ti}-Nt<.-ni,  43S.                                  ^^^H 

modi'  of  nl  (acting  filatucot  to  leading 

oosl  of  the  arc  in  fa<it-frri^ht  dejurt-         ^^^| 

wires,  180. 

m«nt  of  the  Paris.  Lyons,  and  Jledi-         ^^^| 

Uvatinont  of  the  Alament  to  fDak«  it 

t«TTancjui  Itailwuy.  ■^^M.                               ^^^| 

compact.  171). 

cnM  of  tht>  arc  in  freight  depot  of  tho         ^^^H 

Lamp,  hieandrfcont.   mode    of   wuting 

Northern  iCailrotwl  Compnny,  Franco.          ^^^| 

filament  into  the  gloL>c.  105. 

^^M 

pUliniini,  IIQ. 

co«t  uf,  in  London,  4U4.                                   ^^H 

SlMIT.  11^ 

early  vae  of.  in  military  op«iationt^         ^^^| 

superior  pronomy  of,  as  compared  with 

^^H 

A  giw-Hami*,  Itt^ 

emplDvmenl  uf  the  luminous  ceiling  in          ^^^| 

Lan1[^  incnnil^wnil,  -Swan,  Ii13. 

lightini;  l>y  the,  421).                                     ^^| 

minit)^,  17l(. 

fiHitory  lt|!htiii)(  by  Ihtr,  434.                           ^^^H 

pn^]iAniLii>n  of  tlif  fllninent.  173. 

lir<t  nppniLrunce  of  thi%  in  Iho  ttHtatro,         ^^^H 

Inbttmont  of  tlii-  filument  K>  as  tO  tret* 

^H 

it  of  orrliiilt-il  nir,  171. 

flnit  uic  of.  on  stmm-rp<^la.  880.                   ^^^| 

liOtap.  nil,  fur  li^lit.boiincA,  373. 

incrww  in  intensity  of  the.  by  nienn^         ^^H 

pUliiiDm  ([uuic«,  10. 

of  light-htiU!te  appuratuk.  Stiii.                    ^^^H 

Itonuiii,  2. 

in  the  French  nary,  393,  403.                         ^^H 

^H                     ^^^                     ^^^^^^^^^^^H 

^^^H            Light,  ekclr^,  Ump  for  niumiiwUnp  in 

Light,  method  of  laeMuriug  the  ioten- 

^^^B                    ovtor  ill  «  fUy  with  the,  41 1. 

•Uyot  a.  teSL 

^^^1               llchiuiir  of  out-door  worlu  uf  uuiulnio- 

Lightning,  RprewDtatioa  ot  in  the  (km- 

^^H                   tlon  with  the  ue,  43bL 

tro  by  the  dectiie  lignt.  4ia 

^^H                lighting  of  Umtm  bf,  4IS. 

Light,  mtgo  o(  a ;  diAnenco  bet  ween  g«D- 

^^H                limit  of  tempemtun  in  the.  SCI. 

gnphic  and  lamiiUMtfl.  S75, 

^^^1                 method  of  aaag,  to  light  a  didlanl  ob- 

TclatJou  between,  and  heat  expemditarv. 

^H                   ieci.40<L 

1»1, 

^^^B               on  fihipa,  SM. 

P-lalion  between,  and  tempcnturc,  IM 

^^^H                pmdiuAioa  of  a  ninbow  by  llie,  in  the 

Lights.  bcintiUutiog,  in  light-buiu«»,  37S. 

^^H                   theatn,4m. 

Tarielies  of,  in  ligbt-hwiars,  377. 

^^^B               pnjdactton  of  ppeoten  bj*  the,  m  tlw 

Lime-light,  11. 

^^H                   tbnitn%414. 

Lodyt^ine    tncandeecent   carbon    lamp. 

^^^1                 projector  of  Mnngin  for  tho.  304. 

'no. 

^^H                projector  of  MaogLD  for  thv,  magt  of, 

^H                   IHML 

^^^L               protactlea  afforded  to  war-veamU  by, 

Lontin  dynamo-iiluctric  machine,  3S7. 

Uachlne,  disposEtton  ot  parU  of.  23S.  J^| 

^^^H            4(0. 

Machine,  dynamo^kctrtc,  action  of,  231 

^^^^^y         repmentalJon  of  lif^htning  by  the,  in 

Bni^h,  270. 

^                  the  theurv,  410l 

BniEli,  meaiRinmBnt  of,  bjr  Paris  com- 

^^^B                reprewRtJUion  of  thv  niii  by  Ihc,  in  iho 

tnittee,  307. 

^^H                   theatre.  403. 

BDigln.S80. 

^^^^^^          Ronen  tmtii  of  oo«t  of  the.  4SA. 

Batgin,nM»stirement  t)t,hj  Purls  oom- 

^^^^^B         ao-callcd  problem  of  diTislbUily  of  the. 

mittce,  307. 

^^K^ 

Uachine,  dynamo.eleelrlc,  deSottlon  oC 

^^^M               UK>  of,  in  ih«  fiogc  nf  PnHs,  S&i. 

sia 

^^H                OM  of  the.  In  optiml  t<'lcfrmphy.  400. 

Deprrz'e  method  of  eompooBd  winding 

^^^M                 Hie  of ,  to  prodnni  the  luminoti^  fmint- 

or.  S40,  341. 

^^H                            413. 

Machine,  (lynamo-elcctrlc  Ediwn,  373. 

^^^H             Light.  cloiacntH  vhiah  delvrmine  the.  of 

armntare  of,  87.1. 

^^H                     the  an-  lamp.  303. 

eompoand  winding  of  the,  946.           ^^^M 

^^^B                 p>o)^|)hi(;  nuip.'  nt  a,  373. 

Iloweir.t  mcnsurement  of,  SOS.             fl^H 

^^^1             Lighter.  K4>}*ni{!r  automatic,  133. 

Munich  <»mmStt«e*a  ouasDrement  o^ 

^^^B              Light-haiisp.  E'lanicr,  3^1. 

913. 

^^^B                with  luminouii  plarap.  3H. 

titeam,  iH. 

^^^m              Light-houircfl,  cata()iri]>l  tie  apparatus  for. 

Machine,  dynamo-eleotric,  efBcieney  oC, 

^H 

e»a 

^^^B                 catoptric  apparatuB  for.  372. 

Fermnti.  allemating-ctirrent.  263. 

^^^H                diflcront  ordcn*  of,  370. 

Fi-rmntl,  altemating-cnrrcnt,  armature 

^^^B                dtuptrio  ap[)atnlU8  for,  S73, 

of,  sea. 

^^H 

Machine,  dynamo-electric,  dramino.  240. 

^^^V                oil-lnmp  for,  37S, 

armature  at  alternating-current.  d4i). 

^^^1             Lighting,  oost  of,  by  the  incandescent 

armature  of  oontinoons-oarrcut,  d4SL 

^^^^^B               lamp.  430. 

ftiiemiiting-ciirTcnt,  84». 

^^^^^^H          electric.       France.  4-35. 

ftlttrnalinK-eurrenl,  self -exciting,  SSOt 

^^^^^B        ol  the  residciioo  of  8ir  W.  G.  Ann- 

commutator  of.  348. 

^^^^^B            strong.  44fl. 

d'^ublo  ring,  34S. 

^^^^^^^          of  the  rcsidcoM  of  Mr.  Spottiswoodo, 

fir?l  form  of.  24*2. 

^^B 

Fontaine>  experiments  on  the  efTcct  of 

^^^B                 nac  of  accumulators  in.  444, 

i>pe«d  and  distance  of  maehino  from 

^^^^^        Light,  loan  of,  with  diDorent  globes,  433. 

lamps,  245. 

^^^^^L         Imninotts  range  of  a,  873. 

for  a  number  of  tninps,  245. 

^^H^^I^P^^^^p                                               mn         1 

M«otiin«^,     dynamo  -eWlric,     OmmTne, 

Machine,  magneto-electric,  fIoIno8,SS8.        ^^H 

moA.'turcmont  of,  bf  Pnrta  commil- 

Xottet.  233.                                                           ^H 

tw.  SOB,  !W)7. 

Pisii,  2»2.                                                        ^^1 

{H-t»ii(>iial,  248L 

Saxlon.  21(2.                                                    ^^H 

Miicliini-,  iljTiamn^lectric,  Qordon  altcr- 

Van  SInldcrcn.  S:te.                                            ^^H 

iuttiii);>current,  2^ 

Machines,  claMiHcalion  of.  22.5.                         ^^^| 

Jui-(rcn*«?n.  278. 

coniiittons  upon  whEch  cdldont  work-        ^^H 

Jur^n»rn,  measurein«nt  of,  by  Paris 

iD^drpcncl!,  297.                                        ^^H 

Mmmittec,  300. 

m«i$iircmi*nt  of.  K04.                                  ^^H 

Ladci.aas. 

rromn   for  tho    dlsploci'mcnt  of    the         ^^H 

Irf>ntm,  3S7. 

bm^hcflof,  2.11.                                           ^^M 

Ijoiittn  ulCtninting-«itrT«nt.S88. 

Ihrortrttcal  principles  of,  217.                         ^^H 

Masiin.  S(i7. 

Thoinpson'n  niafwiHration  of,  S2.V                   ^^1 

Maxim,  lueasuriMiicnt  of,  by  Paris  com- 

MogTii'l, electro-,  Amgo's  dJacovcry  of,               M 

mittee,  ao7. 

^H 

Kiaudct.  287. 

Magnetic  Aelf],  213.                                            ^^M 

IViiiotti,  i^a. 

force,  linos  of.  214.                                                 V 

|iriiici[il»!  of  mntnal  aocumiilAtton.  S:i&. 

Magneto  -  cleclric    machines.    (See    Mo-                 1 

llnoliitic  itynatinMrWtric.  rejiuUtion  of. 

cfaloKS,  ningnetOH!  lee  trie.)                                   1 

Bnijli,  (or  nrc  lighting.  !i54. 

Magnets,  fleltl,  diRervnt  irays  of  exciting          ^^M 

Depp('t.a<0;341. 

the.  220.                                                       ^H 

T-Jli«in,  H4r>, 

AliioiiM-  Riftchine,  234l                                    ^^^| 

K<lt.-«tn  iiiili'inalir^  34ft. 

2Ta                                                       ^H 

E<liM>n,  fur  (xiiLnil  »UitiaDs  347. 

I>v  Mfirilcrw  altemaling-current  iiuu         ^^^| 

Porr/.  .144 

chine,  2D1.                                                    ^^H 

Wi^on,  for  aro  lighting,  fUQ. 

I)e  JUt-rilens  continuous-current  ma-        ^^^ 

Wr*tuik,  for  iit('jin<li^«-<'rit  lifj^iilinfc,  350. 

cliine,  2!t3.                                                            1 

Miictiinie,  ilyiianiKi-vlcctnc,  JKijmrHti-ly  fx- 

Kiliaon  dynamo,  27-V                                       ^^^| 

ciUil,  22*1. 

KdtHin  st<^nn)-4lyTiHini\  S77.                            ^^^| 

wric-i-WMiiml,  221. 

Ki'rmnti  innfliJMf,  'H&.                                        ^^^M 

hhunt-woiiiid,  231. 

Gnimiui'  alt<.-riiuting*curtMnt  madiiiw,                 1 

Mnchine,  dynamf>-eIeotrif,  Sifiweni',  2.57. 

249.                                                                              1 

armature  of,  alttrniatiog-eurrttiit,  2(U, 

(}r)tinriiQ  coiiUnuouii-cumtnt  tuai-liine,                J 

Armiktiire  of,  uintinuoiuM^urreitt,  857. 

24a                                                               ^H 

altcrrmtirig-currcnt,  201. 

nmiiirne  octagnnal  machine,  248.                    ^^H 

iiioa:(unrtK!iit  of,  by  P&rjs  commiltM, 

Qordun  alternating-current  machine,                1 

3()7. 

2«4.                                          ^^m 
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ELECTRICITY 


A  PHYSICAL  TREATISE  ON    ELECTRI- 
CITY AND    MAGNETISM. 

By  J.  E.  H,  Gordon,  B.  A.,  Assistant  Secretary  of  the  British 
Association,  a  vols.,  8vo.,  with  about  aoo  full-page  and  other 
ILlu&tiatiuns.     Cloth,  $7.00. 

*'  There  is  certainly  no  book  in  English — we  think  there  is  none  in  any  other 
Itn^agv — which  covers  quite  the  same  ground.  It  records  the  most  recent 
advances  in  the  experimental  trcatmcni  of  electrical  problems,  it  describes  with 
niinute  carefulness  the  instruments  nnd  methods  in  use  in  physical  laboratones, 
and  is  prodigal  of  bcaulifiilly  executed  dtagrami  and  drawings  made  to  scale"— 
London  Timts. 

"  The  fundamental  point  in  the  whole  work  is  its  perfect  reflection  of  all  that 
is  best  in  the  modern  modes  of  regarding  electric  and  magnetic  forces,  and  in  the 
moderD  methods  of  constructing  dectrical  instruments."— ifnfiwm'/)^. 


ELECTRICITY     AND     THE     ELECTRIC 
TELEGRAPH. 

By  Georgb  B.  Prescott.    With  Illustrations.    Fifth  edition.   8to. 

Cloth,  $5.00. 

"  The  object  which  has  been  aimed  at  in  the  preparation  of  the  present  work 
has  been  to  furnish  a  treatise  on  the  subject  of  Electricity  and  the  Telegraph, 
which  should  present  a  comprehensive  and  accurate  summary  of  the  present 
advanced  state  of  the  science  and  art,  both  in  this  country  and  abroad,  and  at  the 
same  time  serve  a  useful  purpose  as  a  monual  for  the  information  and  guidance 
of  those  engaged  in  the  different  lirani-hcs  of  ihc  telegraphic  service.  Especial 
attention  has  been  paid  to  the  voluminous  contnbucions  of  Germany,  a  nation 
whose  electricians  unquestionably  occupy  (he  foremost  rank  amon^  discoverers 
and  inventors,  but  who»?  labors  have  heretofore  remained  for  the  most  part  un- 
known to  the  English  reader.  The  discoveries,  invention?,  and  practical  improve- 
ments of  the  past  few  year»,  especially  those  relating  to  the  duplex  and  quadruplcx 
methods  of  transmission,  and  to  the  improved  type-printing  apparatus,  which  in 
America  have  almost  revolutioniicd  the  telegraphic  service,  are  now  described  and 
illiistraicd  for  the  first  time  with  a  completeness  commensurate  with  the  great 
importance  of  the  subject." — From  tiu  Prefaee. 


IMK)KTANT  WORKS  ON  ELECTRICITY.— <C<Mr/i>i»«rf.> 


The  modern  APPLICATIONS  of  ELEC- 
TRICITY. 

By  E.  HospiTALiER.     New  ediiioD,  revised,  with  many  Additions. 
Translated  by  Julius  Maier,  Vh.  D. 

Vol.  I.  ELECTRIC  GENERATORS.  ELECTRIC  LIGHT. 

Vol.  11.  TELEPHONE:  Various  Applications,  Electrical  Transrois- 
sion  of  Energy. 
Two  vo]%.  Svo.  With  numerous  llluslmtions.  $8.00. 
"  M.  HocpiuUer  distinguishes  three  sources  of  electridty.  nantd)-,  the  decom- 
position of  metals  or  other  decomposable  bodies  in  acid  or  alkaline  solutions,  the 
Iraasfonnaiion  of  heat  into  electrical  energy,  and  lastly  the  coavcr^ion  of  work 
into  current — giving  rise  to  the  three  specific  modes  of  force  styled  respectively 
g^vanism,  thermo-electricity,  and  dynamic  electricity.  He  gives  a  history  of  the 
progress  or  each,  from  the  first  crude  constructions  of  the  pioneer  to  the  latest 
and  most  perfect  form  of  battcr>',  thus  furnishing  the  student  of  science  with  a 
sufTicicndy  copious  text-book  of  the  subject,  whik  at  the  same  time  afTording  to 
the  electrical  engineer  a  valuable  enc)xlop.-pdia  of  his  profession.  The  work  pre- 
sents a  most  useful  and  thorough  compendium  of  the  principloi  and  practice  of 
electrical  engineering,  written  as  only  an  expert  can  write,  to  whom  the  abstruse 
by  long  study  has  become  simple.  The  translator  has  acted  the  part  of  an  editor 
also,  and  hns  added  considerable  material  of  I'alue  to  the  original  text.  His 
account  of  the  Edison,  Fox,  and  Brush  systems  of  lighting,  for  example,  is  more 
complete  than  that  of  M.  Hospitaller  in  his  second  edition.  He  has  also  added 
full  descriptions  of  the  iirc<damp  indicators  of  Liveling,  Sourz^  and  Mounier; 
of  firight's  fire-alarm  and  district  telegraph,  and  of  Dolbvai's  telephone,  and 
Ketway's  electric  log,  together  with  other  recent  inventions  not  mentioned  in 
Ilospitalier's  treatise,  exhaustive  and  excellent  as  it  is." — A'rtt'  i'ort  Times. 
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THE    SPEAKING    TELEPHONE,     ELEC- 
TRIC LIGHT,  AND  OTHER  RECENT 
ELECTRICAL  INVENTIONS. 

By  George  B.  Frgscott.     New  edition,  with  zoo  additional  pages, 
including   Illustrated   Description  of  all  of  Edison's   Inventions. 

ai4  Illustrations.     Svo.     Cloth,  $4,00. 

"  Mr.  Prcscott's  work  on  recent  electrical  inventions  being  American,  is  natu- 
rally largely  occupied  with  the  results  of  Mr.  Edison's  researches  and  the  work  of 
other  distinguished  Americans,  thouKb  it  is  by  no  means  limited  to  the  results 
obtained  on  the  other  side  of  the  Atlantic  It  is  a  magnificently  illustrated  vol- 
ume, and  is  the  most  complete  hislory  and  disrussion  of  telephones  and  allied 
instruments  and  the  electric  li^ht  which  has  come  under  our  notice.  It  will 
probably  remain  a  standard  work  until  the  progress  of  discovery  leaves  it  behind, 
for  every  instrument  of  which  it  treats  is  explained  so  fully  and  illustrated  so  well 
that  there  is  but  little  room  left  for  improvement.  For  the  student  nnd  all  tifao 
have  sufficient  knowledge  or  interest  in  the  subject,  it  will  be  a  valuable  magasine 
of  information." — IVfslmm^ffr  Rnntvf, 
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ELECTRICITY    AND    MAGNETISM. 

Hy  Fleemiso  Jenkin,  Professor  of  Engineering  in  the  University 
of  Edinburgh.      Illusirated,  and  Index.    With  Appendix  on  the 
Telephone  and  Microphone,      izmo.     CIothj$i.5a 
"  The  plan  followed  in  this  boolc  ts  as  follows:  First,  a  general  synthetical 
view  of  the  science  h-u  been  given,  in  which  che  main  phenomena  are  described 
and  the  terms  employed  explained.     This  general  view  of  the  science  ca.n  not  be 
made  very  easy  reading,  although  it  will  probably  be  found  easier  by  those  who 
have  no  preconceived  notions  about  tension,  intensity,  and  so  forth,  than  by 
ttuilonts  of  old  texl-books.      If  this  portion  of  the  wrork  can  be  mastered,  the 
student  will  then  be  readily  able  to  understand  what  follows,  vit.,  the  description 
of  the  apparatus  used  to  measure  electrical  magnitudes  and  to  produce  electricity 
under  various  conditions.    The  general  theory  of  electricity  is  peroianenl,  depend- 
ing on  no  hypothesis,  and  it  has  been  the  author's  aim  to  state  this  general  theory 
in  a  connected  manner,  and  in  such  simple  form  tli^t  it  might  hv  readily  under- 
stood by  practical  men." — From  the  iHtredtielien, 


THE  ART  OF  ELECTRO-METALLURGY, 
INCLUDING  ALL  KNOWN  PRO- 
CESSES OF  ELECTRO- 
DEPOSITION. 

By  G.  Gore.  IX.  D.,  F.  R.  S.     Ilhistrnted,  and  with  Index,    umo. 

Cloth,  $3.50. 
"  [  have  endeavored  lo  produce  such  a  book  as  would  be  useful  to  scientific 
stL;dents,  to  pracdcal  workers  in  the  an  of  electro  metallurg)*,  gilders,  platers, 
etc.,  and  to  all  persons  who  wish  to  obtain  in  a  compact  form  an  explanation  of 
the  principles  and  facts  upon  which  the  art  is  based,  the  circumstances  under 
which  nearly  every  known  metal  is  deposited,  and  the  special  detaiU  of  technical 
workshop  manipulation  in  the  galvano- plastic  art.  I  have  also  given  an  histcrical 
■ketch  of  the  development  of  the  subject,  arranged  in  chronoloj^ical  order.  I 
have  endeavored  not  only  to  make  the  book  a  treatise  on  the  practical  art  of 
cleccro-melallurgy,  but  also  Co  include  an  outline  of  the  science  of  electro- 
chemistry, upon  which  chat  art  is  based  :  and  I  have  spared  no  trouble  to  make 
the  book  a^t  perfect  as  I  could.  The  most  complete  portions  are  those  which 
treat  of  the  common  methods  of  silvering,  gilding,  molding;  the  dt.-position  of 
copper,  nickel,  brass,  iron,  and  tin;  the  special  details  of  the  art;  and  the  ac- 
counts of  such  experiments  and  processes  with  the  less  common  metals  as  sci- 
entific investigators  and  practical  inventors  may  be  likely  to  further  examine,  or 
pr.ictically  apply.  Kumerous  experiments  of  my  own  on  the  subject  (many  of 
them  through  want  of  previous  opportunity  being  now  for  the  first  time  pub- 
lished) arc  scattered  through  the  first  part  of  Ibc  practical  section  of  the  book; 
a  fsw  of  them  being  made  to  fdl  up  missing  links,  while  the  book  was  in  prog- 
ress."— From  tkt  /HtroiiMClion. 
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IMPORTANT  WORKS  ON  EMiCTRiCITV.— fCw/iniiw'.J 


LIGHT  AND  ELECTRICITY: 

NOTES  OF  TWO  COURSES  OF  LECTURES  BEFORE  THE  ROYAL  INSTITU- 
TION OF  GREAT  BRITAIN. 

By  Professor  John  Tyndall.     ismo.     Cloth,  $1.25. 

"  En  thus  clearly  and  sharply  stating  the  fundamental  principles  of  electrical 
and  Dpcival  science,  Professor  Tyndall  has  earned  the  cordial  thanks  of  all  inter- 
ested in  educition." — From  the  American  Editor's  Preface. 


LESSONS    IN    ELECTRICITY,    AT    THE 
ROYAL  INSTITUTION,   i875^'76. 

By  Professor  John  Tyndall.     i2mo.     Cloth,  $1.00. 


ELEMENTARY    TREATISE    ON 
RAL    PHILOSOPHY. 


NATU- 


By  A.  Privat  Deschakel,  forraerly  Professor  of  Physics  in  the 

Lyc6e  Louis-le-Grand,  Insi>ecior  of  the  Academy  of  Paris. 
Translated  and  edited,  with  Extensive  Modifications,  by  J.  D.  Everett, 

Professor  of  Natural  Philosophy  in  the  Queen's  College,  Belfast. 
Sixth  edition,  reriscd,  complete  in  Four  Parts.    8vo.     Illustrated  by 

78.^  Engravings  on  Wood,  and  Three  Colored  Plates. 

Part  I.   MECHANICS,   HYDROSTATICS,  AND    PNEUMATICS. 

Cloth,  $1.50. 
Fart  ir.  HEAT.    Cloth,  $1.50. 

Part  HI.  ELECTRICITY  AND  MAGNETISM.    Cloth,  $1.50. 
Part  IV.  SOUND  AND  LIGHT.     Cloth,  $1.50. 

Complete  in  one  volume,  8vo,  with  Problems  and  Index.     Cloth, 

"  Systematically  arranged,  clearly  written,  and  admirably  itluitrated,  showing 
no  less  than  783  engravings  on  wood  and  three  colored  plates,  El  forms  a  model 
work  for  2  cLis»  of  experimental  physics.  Far  from  losing  in  its  English  dress 
anyof  thequfthtiesof  nuitttT  or  style  wfiirh  distinguished  it  in  its  original  form,  it 
may  be  said  to  have  j-ained  in  llic  able  hands  of  Professor  Everett,  both  by  way  of 
arrangement  and  of  incorporation  of  fresh  matter,  without  parting  in  the  transla. 
tion  with  any  of  the  freshness  or  force  of  the  author's  text."— Saturdajr  Jfeview. 


neetpt  0/  firue,  by 

D.  APPLETON  &  CO.,  PubUshcrs, 

I,  3,  &  S  Bond  Street,  New  York. 


.CO'  ■   ■  •   ■ 


